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PHOSPHATE/SULFATE ESTER COMPOUNDS AND PHARMACEUTICAL COMPOSITIONS FOR 
INHIBITING PROTEIN INTERACTING NIMA(PINI) 

Field Of The Invention 

This invention is directed to phosphate/sulfate ester compounds that modulate and/or inhibit 
the activity of protein interacting NIMA (PIN1), and to phanmaceutlcal compositions containing such 
compounds. The invention is also directed to the therapeutic or prophylactic use of such compounds 
and compositions, and to methods of treating disorders characterized by hypertension, inappropriate 
10 cell proliferation, infectious diseases, and neurodegenerative brain disorders, by administering 
effective amounts of such compounds. 

Background Of The Invention 

15 PIN1 is a member of the parvulin family of peptidyl-prolyl isomerases (PPIase) and catalyzes 

rotation about the peptide bond preceding a proline residue. PIN1 is a regulator of Cdc25, which 

dephosphorylates Cdc2ycyclinB to drive ceils into mitosis. 

PIN1 has been identified in all eukaryotic organisms where examined, including plants, yeast. 

insects, and mammals. The yeast (Essi) and Dorosophilia {dodo) PIN1 orthologues have high 
20 identity to human-expressed sequence tags, which ultimately led to the cloning of the human dodo 

gene called PIN1. The Dorosophilia dodo gene is reported to be 45% identical to the yeast gene, 

Ess^. 

Using a yeast two-hybrid screen of a human cDNA library, human PIN1 was originally 
Identified as a binding protein of the fungi Aspergillus nidulens protein NIMA. NIMA is a kinase that 

25 drives cells into mitosis and is reported to be negatively regulated by PIN1. Depletion of NIMA in A, 
nidulans cells is reported to lead to cell cycle an-est in G2 while overexpression Is 
reported to promote premature mitosis. SerH'hr kinase Cdc2/cyclin B may be the analogous NIMA 
kinase in human cells although another NIMA-like pathway in human cells is postulated to exist. 

Modulation of PIN1 activity is reported to result in dramatic morphological cellular phenotypes. 

30 For example, overexpression of PIN1 In Mela cells was reported to cause a G2 an^est vi/hile depletion 
caused mitotic anrest— the opposite phenotypes observed with NIMA modulation. Additionally, 
decreasing PIN1 protein expression by full-length antisense expression has been reported to cause 
cells to progress into mitosis prematurely, to contain aberrant nuclei due to premature chromosome 
condensation and to induce apoptosis. These data indicate that PINI is a negative regulator of 

36 mitosis through Interactions with a mammalian functional homolog of NIMA and is required for 
progression through mitosis. Further, depletion of PINI is also postulated to play a role in Alzheimer's 
disease. Lu et al., Nature, 380, 544-547 (1996). 

In vitro, PINI has been reported to interact v«th mitotic proteins also recognized by the MPM- 
2 antibody. The MPM-2 monoclonal antibody recognizes a phospho-Ser/Thr-Pro epitope on about 

40 approximately 50 proteins associated with mitosis, including important mitotic regulators, such as 
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Cdc25. Wee1, Cdc27. Map 4, and NIMA. See, e.g., Davis et al., Proc. Nati Acad ScL U.S.A. 80, 
2926 (1983). PIN1 has also been reported to interact with important upstream regulators of 
Cdc2/cyclin B, including Cdc25 and its known regulator, Plx1. See Shen et a!., Genes Dev, 12, 706 
(1998). PIN1, due to its enzymatic action, may remove Cdc26 and PIxl from play by causing their 
5 degradation within the cell. 

Studies indicate that the biological function of PIN1 depends on a functional PPIase active 
site. Lu et al., Science, 283. 1325-1328 (1999). Studies also indicate that PIN1 recognizes its 
substrates (mitosis-specific phosphoproteins) through the WW domain. The WW domain is a protein 
recognition motif that Is prevalent throughout biology. However, the PIN1 WW domain is unique in 

10 that it requires its ligand protein to contain a phosphorylated serine. As with the PPIase domain, a 
functional WW domain is reported to be essential for biological functions of PIN1. This is consistent 
with the model where PIN1 recognizes its substrates through the WW domain followed by completion 
of its essential catalytic role. 

Full-length PIN1 protein and the nucleotide sequence encoding full-length PIN1 are disclosed 

15 in U.S. Patent Nos. 5,952,467 and 5,972,697. Additionally, sequences for PIN1 have been deposited 
in GenBank under accession numbers NM006221 (mRNA) and S68520 (protein). The mRNA 
sequence for dodo is deposited in GenBank under accession number U35140. Mouse PIN1 mRNA 
sequence is deposited in GenBank under accession number NM023371. 

The crystal structure of full-length PIN1 is reported in Ranganathan, R. et a!., Cell, 89. 875- 
20 886 (1997) and Intemational Publication No. WO 99/63931. Zhang et al. provide additional analysis 
of the crystal structure of PIN1 in complex with Ala-Pro {Biochemistry, 41:39 1 1868-77 (2002)). 

Lu et al. (Intemational Publication No. WO 01/38878) and Wulf et al. (EMBO J. 20. 3459- 
3472 (2001)) disclose that PIN1 Is upregulated in human tumors and is a biomarker for cell 
proliferation. 

25 Inhibitors of PIN1 have been described in the literature. For example, Hennig et al. 

(Biochemistry, 37, 5953-5960 (1998)) report that juglone (5-hydroxy-1,4-naphthoquinone) selectively 

Inhibits several parvulins, including human PIN1. Noel et al. in U.S. Patent Application No. 

20010016346, using data based on the crystal structure derived from full-length human PIN1. 

disclose compounds postulated to be inhibitors of PIN1 . Lu et al. in Intemational Publication No. WO 
30 99/12962 report inhibitors that mimic the phospho-Ser/Thr moiety of the phosphoserine or 

phosphothreonine-proline peptidyl prolyl isomerase substrate. 

Given the important role that PIN1 plays in the regulation of the cell cycle, additional 
compounds that inhibit PIN1 are needed. These compounds, along with pharmaceutical 
compositions thereof, can serve as effective chemotherapeutic agents for the treatment of a variety 
35 of disorders characterized by hypertension, inappropriate cell proliferation, including cancer, 
infectious diseases, and neurodegenerative brain disorders. The invention provides such 
compounds that inhibit PIN 1 . 
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Summary Of The Invention 

Accordingly, an objective of the invention is to discover compounds and 
methods for modulating or inhibiting PIN1. 
5 Another objective of the invention is to provide compounds and methods for 

modulating or inhibiting PIN1 that can be used in pharmaceutical compositions for the treatment of 
disorders characterized by hypertension, inappropriate cell proliferation, infectious diseases, and 
neurodegenerative brain disorders. 

These and other objectives of the invention, which will become apparent from the following 
10 description, have been achieved by the discovery of phosphate/sulfate ester compounds, 
phannaceutically acceptable prodnjgs, pharmaceutically active metabolites, and phamnaceutically 
acceptable salts thereof (such compounds, prodrugs, metabolites and salts are collectively referred to 
as "agents") described below, which inhibit PIN1. Phamnaceutlcal compositions containing such 
agents are useful in treating diseases characterized by hypertension, inappropriate cell proliferation, 
15 Infectious diseases, and neurodegenerative brain disorders. 

In a general aspect, the invention relates to compounds of the Fomiula I: 

Formula I 

wherein: 

n is 1 or 2; 

20 A is a divalent -CH=CH-, -(Ci-C7-alkyl)-Y-, -NR'(CH2)t -Y-, -Y-(Ci-C7-alkyl)-. -Y-(Ci-C7 alkyi)-. 

-Y-NH-, -Y-NR'*(CrC6-alkyl)-. -S-, -S{0)r, -0-Y-. -Y-O-. -Y-S-, or -S-Y-, wherein is H or Ci-Ce alkyi. 
t Is an integer from 0 to 5. Y is C(0), C(S). S(0). S(0)2. or a bond; 
X is a direct bond. CHz, CF2, 0, S. NH, C(0), or C(S): 

R is a C3-C10 cycloalkyi, 4-10 membered heterocycloalkyi, Ce'Cio 3ryli or 4-10 membered 
25 heteroaryl group, wherein R^ is unsubstltuted or substituted with 1 to 4 R^° groups; 

r2 Is -S(0)20H, -S(0)2NR^R^ or -P(0)(0R'*)2, wherein R^ is an H, Ci-Cio-alkyl, Ce-C^o aryl, or 
-CH2-0-C(0)R®CH3 group, R"* and R* are each independently an H or Ci-Ce alkyi group, and R* is 
unsubstltuted or substituted with 1 to 4 R^° groups; and 

R^ is OH. d-Cy-alkyl, Ci-Cralkoxyl, Ce-Cio aryl, 4-10 membered heteroaryl. C3-C10 
30 cycloalkyi, 3-10 membered heterocycloalkyi, -NH(R®), or -N(R^)2 group, wherein R^ is independently 
selected from H. C1-C7 alkyi, Ce-Cio aryl, or 
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wherein ring B is a 5- or 6-memberecl heterocycloalkyi group, Z Is a divalent C(0)Z', 
heteroaryl or heterocycloalkyi group wherein Z is a divalent O, S, NH, N(CH3), CO2, or CH2, and is 

5 H, Ci-Cio alkyi, aryl, Ci-Ce alkyl-aryl. or arylalkyi group, wherein R^. R^, B and R^ are unsubstituted or 
substituted with 1 to 4 R^° groups; 

wherein each R^° is independently selected from halo, amino, =0, =S, =NH, cyano, nitro, 
hydroxyl, -SH, haloalkyi, 2-10 membered heteroalkyl, CrCe alkoxy, Ci.Cio alkyI, C2-C6 alkenyl, C2-C6 
alkynyl. -C(0)JR^ -OC(0)|R^ -OC(0)OC(0)R^ -OOH, -C(NR^)NR''R^ .NR^C(NR^)NRV, 

10 -NR^C(0)jR^ -C(0)NR*^R^ -C(0)NR'*COR^ -0C{0)NRV, -NR^R^ -NR^OR^ .C(S)NR^R^ 
-NR^C(S)NR**R^ -NR'*C(0)NR''R^ -OSH, -S(0)jR^ -OS(0)jR^ -SC(0)R^ -S(0)JC(0)OR^ -SCOR**, 
-NR^SR^ -SR^ -NHS(0)jR^ -COSR^ -C(0)S(0)iR^ -CSR^ -CS(0)jR^ -C(SO)OH. -C(S0)20H. 
-NR**C(S)R^ -OC(S)R^ -OC(S)OH, -0C(S0)2R^ -S(0)jNR^R^ -SNR**R^ -S(0)NR^R^ -NR**CS(0)|R^ 
-C(O)](CH2)tNR'^-(4-10 membered heteroaryl), -C(O)j(CH2)tNR'*(4-10 membered heterocycloalkyi), 

15 -(CR'^R^CN, -(CR** R%(C3-Cio cycloalkyi), -(CR^R%(C6-Cio aryl). -(CR*^R^)i(4-10 membered 
heterocycloalkyi), -(CR'^R®)t(4-10 membered heteroaryl). -(CR^R%C(0)(CR^R^)t(C3-Cio cycloalkyi), 
-(CR**R*)qC(0)(CR**R^t(C6-C,o aryl), -(CR**R^qC(O)(CR^R^t(4-10 membered heterocycloalkyi). 
-(CR**R^)qC(0)(CR**R^t(4-1 0 membered heteroaryl), -(CR*'R%0(CR**R**)q(C3-Cio cycloalkyi). 
-(CR'*R®)tO(CR^R^)q(C6-Cio aryl). -(CR**R^tO(CR**R^)q(4-1 0 membered heterocycloalkyi). 

20 -(CR'*R%0(CR^R®)q(4-1 0 membered heteroaryl), -(CR^R^)qS02(CR*^R^t(C3-Cio cycloalkyi), 
-(CR''R®)qS02(CR^R^)t(C6-Cio aryl), -(CR''R\SO2(CR''R^t(4-10 membered heterocycloalkyi), and 
-{CR''R®)qSO2(CR'*R®)t(4-10 membered heteroaryl), wherein R^ is selected from the group consisting 
of halo, hydroxyl, -NR**R*, C1-C10 alkyI, haloalkyi, CrCe alkoxyl. R** and R*" are independently selected 
from H, C1-C10 alkyI, -(CR**R®)t(C3-Cio cycloalkyi), -(CR**R%(C6-Cio aryl). -(CR**R%(4-10 membered 

25 heterocycloalkyi). and -(CR**R®)t(4-10 membered heteroaryl), R** and R® are independently H or Ci-Ce 
alkyI, j is an integer from 0 to 2, q and t are each independently an integer from 0 to 5, and 1 or 2 ring 
carbon atoms of the cyclic moieties of the foregoing R^° groups are unsubstituted or substituted with 
=0, and the alkyI, alkenyl, alkynyl, aryl and cyclic moieties of the foregoing R^° groups are 
unsubstituted or substituted with 1 to 3 substltuents independently selected from halo, =0, cyano, 

30 nitrt), -(CR'^R^CN. haloalkyi, 2-10 membered heteroalkyl. -0R^ -C(0)jR^ -NR**C(0)R^ -C(0)NR**R^ 
-NR^'R", -NR^OR^.-NR**C(0)jNR*^R^ -NR^C(0)jR''R', -OC(0)iR^ -0C(0)NR'*R^ -SR^ C1-C10 alkyI, C2- 
Ce alkenyl. C2-C6 alkynyl, -(CR'R")t(C3-Cio cycloalkyi). -(CR^R")t(C6-Cio aryl), -(CRV)t(4-10 
membered heterocycloalkyi), -(CR^R%(4-10 membered heteroaryl), -(CR'*R^)t{C6-Cio aryl)-(Ci-C6 
alkyl); wherein t. r''. R"", R"*, R"are as defined above. 

35 The invention is also directed to phanmaceutlcally acceptable prodrugs, pharmaceutically 

active metabolites, and pharmaceutically acceptable salts of the compounds of Formula I and their 
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pharmaceutically active metabolites. Advantageous metliods of malcing the compounds of tlie 
Formula I are also described. 

In a preferred embodiment, the Invention relates to compounds of Formula I, wherein n is 1 or 
2; A Is a divalent -NH-Y-, -NR^(CH2)rY-. or -0-Y-, and Y is C(0) or S(0)2: X Is a direct bond. CH2, O. 
5 or S; is a Ce-Cio aryl or 4-10 membered heteroaryl group unsubstituted or substituted with 1 to 4 
groups; R^ is -S(0)20H, or -P(0)(0R*)2. wherein R^ is an H. C1-C10 alkyl. or Cb-Cio aryl group, and is 
unsubstituted or substituted with 1 to 4 R^° groups; and R^ is a Ce-Cio aryl. 4-10 membered heteroaryl, 
-NH(C6H5). or 




10 

wherein ring B Is a 5- or 6-membered heterocycloalkyi group, Z Is a divalent C(0)Z', heteroaryl or 
heterocycloalkyi group wherein Z is a divalent O, S. NH. N(CH3). CO2, or CH2. and R® is H or a CrCio 
alky! group, wherein R^, B, and R® is unsubstituted or substituted with 1 to 4 R^° groups; 
and wherein R^° is as defined above. 
15 In a particularly preferred embodiment, the Invention relates to compounds of Fonnula I, 

wherein n is 1 ; A is a divalent -NH-Y- or -0-Y-. wherein Y is C(0); X is a direct bond, CH2, or O; R^ is 
a Ce-Cio aryl group unsubstituted or substituted with 1 to 4 R^° groups; R^ is -P(0)(0R^)2, wherein R^ 
Is an H, C1-C10 alkyi, or Ce-Cio aryl group, and Is unsubstituted or substituted with 1 to 4 R^° groups; 
and R^ is a Ce-Cio aryl, 4-10 membered heteroaryl, or 

20 




wherein ring B Is an unsubstituted 6-membered heterocycloalkyi, Z a divalent C(0)Z', Z' is a divalent 

0, S. or CH2, and R^ is a CrCio alkyI group, wherein R^ B and R® are unsubstituted or substituted 
25 with 1 to 4 R^° groups; and wherein R^° is as defined above. 

In a further particularly preferred embodiment, the invention relates to compounds of Fomriula 

1, wherein n Is 1; A Is -NH-Y- or -0-Y-. wherein Y Is C(0); X Is a direct bond, CH2, or 0; R^ is a Ce- 
Cio aryl group unsubstituted or substituted with 1 to 4 R^° groups; R^ is -P(0)(0R^2. wherein R^ is an 
H or a C1-C10 alkyI group that is unsubstituted or substituted with 1 to 4 R^° groups; and R^ is a Ce-Cio 

30 aryl or 4-10 membered heteroaryl group unsubstituted or substituted with 1 to 4 R^° groups; and 
wherein R^° is as defined above. 

Preferably, the invention Includes compounds, and pharmaceutically acceptable salts thereof, 
selected from the following group: 
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The invention also relates to a method of inhibiting P1N1 by administering a compound of 
5 Fomnula I or a phannaceutically acceptable prodrug, phamiaceutlcally active metabolite, or 
pharmaceutically acceptable salt of such compound or metabolite thereof. 

The invention also relates to pharmaceutical compositions, each comprising a therapeutically 
effective amount of an agent selected from compounds, prodrugs, metabolites, and salts of 
compounds of Formula I, and a pharmaceutically acceptable carrier or vehicle for such agent. The 
10 invention further provides methods of treating mammalian disease conditions mediated by PIN1 
activity, by administering to a mammal in need thereof a therapeutically effective amount of a 
compound, prodrug, active metabolite or salt of a compound of Formula I. The mammalian disease 
conditions to be treated according to the invention are associated with hypertension, inappropriate cell 
proliferation (e.g., cancer), infectious diseases (e.g., bacterial and fungal infections), and 
15 neurodegenerative brain disorders (e.g., Alzheimer's disease). 

The compounds of Fomiula I are useful for modulating or inhibiting PIN1. More partlculariy, 
the compounds are useful as modulating or inhibiting the activity of PIN1 , thus providing treatments for 
hypertension, infectious diseases, neurodegenerative disorders, and cancer or other diseases 
associated with cellular proliferation. 
20 The tenns "comprising" and "including" are used herein in their open, non-limiting sense. 

As used herein, "inappropriate cell proliferation" includes diseases or disorders associated 
with uncontrolled or abnomial cellular proliferation. Such diseases and disorders Include, but are not 
limited to. the following: 

a variety of cancers, including, but not limited to, lung cancer, bone cancer, pancreatic 
25 cancer, skin cancer, cancer of the head or neck, cutaneous or Intraocular melanoma, 

uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region, stomach 
cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian tubes, 
carcinoma of the endometrium, carcinoma of the cen^ix. carcinoma of the vagina, 
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carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the 
small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of 
the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the 
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic 
lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma, 
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), primary 
CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary adenoma, or a 
combination of one or more of the foregoing cancers; 

- a disease process which features abnormal cellular proliferation, e.g., benign 
prostatic hyperplasia, familial adenomatosis polyposis, neuro-fibromatosis, 
atherosclerosis, pulmonary fibrosis, arthritis, psoriasis, glomerulonephritis, restenosis 
following angioplasty or vascular surgery, hypertrophic scar formation, inflammatory 
bowel disease, transplantation rejection, endotoxic shock, and fungal rnfectlons; and 

- defective apoptosis-associated conditions, such as cancers (including, but not limited 
to. those types mentioned herein above), viral infections (including, but not limited to, 
HIV, human papilloma virus, herpesvirus, poxvirus. Epstein-Barr virus, Sindbis virus 
and adenovirus), prevention of AIDS development in HIV-infected individuals, 
autoimmune diseases (including, but not limited to. systemic lupus erythematosus, 
riieumatoid arthritis, psoriasis, autoimmune mediated glomerulonephritis, 
Inflammatory bowel disease and autoimmune diabetes mellitus), neurodegenerative 
disorders (including, but not limited to, Alzheimer's disease, amyotrophic lateral 
sclerosis, retinitis pigmentosa, Pari^inson's disease, AIDS-related dementia, spinal 
muscular atrophy and cerebellar degeneration), myelodysplastic syndromes, aplastic 
anemia, ischemic injury associated with myocardial infarctions, stroke and 
reperfusion injury, an-hythmia. atherosclerosis, toxin-induced or alcohol related liver 
diseases, hematological diseases (including, but not limited to, chronic anemia and 
aplastic anemia), degenerative diseases of the musculoskeletal system (including, 
but not limited to, osteroporosis and arthritis), aspirin-sensitive rhinosinusitis, cystic 
fibrosis, multple sclerosis, kidney diseases, and cancer pain. 

The term "alkyl" as used herein refers to a straight- or branched-chain, saturated or partially 
unsaturated, alkyi group having one to twelve carbon atoms. Preferred alkyi groups have from 1-10, 
and more preferably from 1-7, cartjon atoms. Exemplary alkyi groups include methyl (Me, which also 
may be structurally depicted by T), ethyl (Et), n-propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl 
(tBu). pentyl, Isopentyl, tert-pentyl, hexyl, isohexyl, and the like. The term "lower alkyi" designates an 
alkyi having from 1 to 6 carbon atoms (a Ci-Ce alkyi). 

The term "aryl" (Ar) refers to a monocyclic, or fused or spiro polycyclic. aromatic cart)ocycle 
(ring structure having ring atoms that are all carbon) having from three to twelve ring atoms per ring, 
preferably 6-10 ring atoms atoms and more preferably 5-7 ring atoms. 

Illustrative examples of aryl groups include the following moieties: 
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The term "heteroaryl" (heteroAr) refers to a monocyclic, or fused or spiro polycyclic, aromatic 
heterocycle (ring structure having ring atoms selected from carbon atoms as well as nitrogen, 
5 oxygen, and sulfur heteroatoms) having from three to twelve ring atoms per ring, preferably 4-1 0 ring 
atoms and more preferably 5-7 ring atoms. Illustrative examples of aryl groups include the following 
moieties: 



10 




The term "cycloalkyl" refers to a saturated or partially saturated, monocyclic or fused or spiro 
polycyclic, carbocycle having from three to twelve ring atoms per ring, preferably 3-10 cartion atoms 
15 and more preferably 5-7 carbon atoms. Illustrative examples of cycloalkyl groups include the 
following moieties: 
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10 



15 




□>. /b.CO.OO.ij, 

t>. □,0,0.0.0.00, 

0>,^, 0,0,0,£b,O, 

0:>,CO,CO. 



and the like. 



A "heterocycloaikyr refers to a monocyclic, or fused or spiro polycyclic, ring structure that Is 
saturated or partially saturated and has from three to twelve ring atoms per ring selected from C 
atoms and N, O, and S heteroatoms, preferably 4-10 ring atoms and more preferably 5-7 ring atoms, 
illustrative examples of heterocycloalkyi groups Include: 

O O n O O O O 




0.0.0.0.0,-6,^, 



d°CO,A,C0. 



and the like. 



The term "alkoxy" refers to -0-alkyl. Illustrative examples include methoxy, ethoxy, propoxy, 
and the like. 

The term "halogen" represents chlorine, fluorine, bromine or iodine. The term "halo" 
represents chloro, fluoro, bromo or iodo. 
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As used herein, "haloalkyl" refers to a loweralkyi radical In wliicli one or more of the 
hydrogen atoms are replaced by halogen including, but not limited to, chloromethyl, trifluoromethyi. 1- 
chloro-2-fluoroethyl and the like. 

"Heteroaikyl" Is an alkyi group (as defined herein) wherein at least one of the carbon atoms is 
5 replaced with a heteroatom. Prefenred heteroatoms are nitrogen, oxygen, sulfur, and halogen. A 
heteroatom may. but typically does not, have the same number of valence sites as carbon. 
Accordingly, when a carbon Is replaced with a heteroatom, the number of hydrogens bonded to the 
heteroatom may need to be increased or decreased to match the number of valence sites of the 
heteroatom. For instance, if carbon (valence of four) Is replaced with nitrogen (valence of three), then 
10 one of the hydrogens formerly attached to the replaced carbon must be deleted. Likewise, if carbon 
is replaced with halogen (valence of one), then three (i.e., all) of the hydrogens fonmerly bonded to 
the replaced carbon must be deleted. As another example, trifluoromethyi is a heteroaikyl group 
wherein the three methyl groups of a t-butyl group are replaced by fluorine. Preferred*heteroalkyls of 
the invention have 2 to 10 member atoms, Including both heteroatoms and carbon atoms. 
15 The term "substituted" means that the specified group or moiety bears one or more 

substituents. The term "unsubstltuted" means that the specified group bears no substituents. 

The compounds of the invention may exhibit the phenomenon of tautomerism. While 
Formula i cannot expressly depict all possible tautomeric fonms, it is to be understood that Formulas I 
Is intended to represent any tautomeric fonm of the depicted compound and are not to be limited 
20 merely to a specific compound fomi depicted by the formula drawings. 

The compounds of Formula I may have one or more asymmetric centers designated by an 
asterisk as shown below In Formula 1. Additional asymmetric centers may be present on the 
molecule depending upon the nature of the various substituents on the molecule. 



As a consequence of these asymmetric centers, the compounds of Formula I may exist as 
single stereoisomers (i.e., essentially free of other stereoisomers), racemates, and/or mixtures of 
enantlomers and/or diastereomers. All such single stereoisomers, racemates and mixtures thereof 
are intended to be within the scope of the present invention. Preferably, the inventive compounds that 
30 are optically active are used in optically pure form. 

In accordance with a convention used in the art, ^ is used in structural formulae herein to 
depict the bond that Is the point of attachment of the moiety or substituent to the core or backbone 
structure. 

As generally understood by those skilled in the art, an optically pure compound having one 
35 chiral center (i.e., one asymmetric carijon atom) is one that consists essentially of one of the two 




Formula I 



25 
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possible enantiomers (i.e., is enantiomerically pure), and an optically pure compound having more 
than one chiral center is one that is both diastereomerically pure and enantiomerically pure. 
Preferably, the compounds of the present Invention are used in a form that is at least 90% optically 
pure, that is. a form that contains at least 90% of a single isomer (80% enantiomeric excess ("e.e.") or 

5 diastereomeric excess Cd.e.")). more preferably at least 95% (90% e.e. or d.e.). even more preferably 
at least 97.5% (95% e.e. or d.e.), and most preferably at least 99% (98% e.e. or d.e.). 

Additionally, Fomnula I is Intended to cover solvated as sell as unsolvated forms of the 
identified structures. For example, Formula I includes compounds of the indicated structure in both 
hydrated and non-hydrated forms. Other examples of solvates include the structures in combination 

10 with isopropanoi. ethanol. methanol, DMSO, ethyl acetate, acetic acid, or ethanolamine. 

In addition to compounds of Formula I, the Invention includes pharmaceutically acceptable 
prodrugs, pharmaceutically active metabolites, and pharmaceutically acceptable salts of such 
compounds and metabolites. 

"A pharmaceutically acceptable prodrug" is a compound that may be converted under 

15 physiological conditions or by solvolysis to the specified compound or to a pharmaceutically 
acceptable salt of such compound. 

"A pharmaceutically active metabolite" Is intended to mean a pharmacologically active 
product produced through metabolism In the body of a specified compound or salt thereof. 

Prodnjgs and active metabolites of a compound may be identified using routine techniques 

20 known in the art. See, e.g., Bertolini et al., J. Med. Chem., 40, 2011-2016 (1997); Shan, et al., J. 
Pharm. Sc/., 86 (7), 765-767; Bagshawe, Drug Dev. Res., 34, 220-230 (1995); Bodor, Advances in 
Drug Res., 13, 224-331 (1984); Bundgaard, Design of Prodrugs (Elsevier Press 1985); Larsen, 
Design and Application of Prodrugs, Drug Design and Development (Krogsgaard-Larsen et al., eds., 
Hanwood Academic Publishers, 1991); Dear et al., J. Chromatogr, B, 748. 281-293 (2000); Spraul et 

25 al.. J. Phanvaceutical & Biomedical Analysis, 10, 601-605 (1992); and Prox et al., XenobioL, 3, 103- 
112(1992). 

"A pharmaceutically acceptable salt" is intended to mean a salt that retains the biological 
effectiveness of the free acids and bases of the specified compound and that is not biologically or 
otheoMse undesirable. A compound of the invention may possess a sufficiently acidic, a sufficiently 

30 basic, or both functional groups, and accordingly react with any of a number of inorganic or organic 
bases; and inorganic and organic acids, to form a pharmaceutically acceptable salt Exemplary 
phamiaceutically acceptable salts include those salts prepared by reaction of the compounds of the 
present invention with a mineral or organic acid or an inorganic base, such as salts including 
sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates, monohydrogenphosphates, 

35 dihydrogenphosphates, metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates, 
propionates, decanoates, caprylates, acrylates. formates. Isobutyrates, caproates, heptanoates, 
propiolates, oxalates, malonates, succinates, suberates, sebacates, fumarates, maleates, butyne- 
1,4-dioates, hexyne-1,6-dioates, benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates. 
hydroxy benzoates, methoxybenzoates, phthalates, sulfonates, xylenesulfonates, phenylacetates, 

40 phenylpropionates, phenylbutyrates, citrates, lactates, yhydroxybutyrates, glycolates, tartrates, 
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methane-sulfonates, propanesulfbnates, naphthalene- 1 -sulfonates, naphthalene-2-sulfonates, and 
mandelates. 

If the inventive compound is a base, the desired pharmaceutically acceptable salt may be 
prepared by any suitable method available in the art, for example, treatment of the free base with an 
5 inorganic add. such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid 
and the like, or with an organic acid, such as acetic acid, maleic acid, succinic acid, mandelic acid, 
fumaric acid, malonic acid, pyruvic acid, oxalic acid, glycollc acid, salicylic acid, a pyranosldyt acid, 
such as glucuronic acid or galacturonic acid, an alpha-hydroxy acid, such as citric acid or tartaric acid, 
an amino acid, such as aspartic acid or glutamic acid, an aromatic acid, such as benzoic acid or 
10 cinnamic acid, a sulfonic acid, such as p-toluenesulfonic acid or ethanesulfonic acid, or the like. 

If the inventive compound is an acid, the desired pharmaceutically acceptable salt may be 
prepared by any suitable method, for example, treatment of the free acid with an inorganic or organic 
base, such as an amine (primary, secondary or tertiary), an alkali metal hydroxide or alkaline earth 
metal hydroxide, or the like. Illustrative examples of suitable salts include organic salts derived from 
15 amino acids, such as glycine and arginlne, ammonia, primary, secondary, and tertiary amines, and 
cyclic amines, such as piperldine, morphollne and piperazlne, and inorganic salts derived from 
sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium. 

In the case of agents that are solids, it is understood by those skilled in the art that the 
inventive compounds and salts may exist in different crystal or polymorphic fonms. all of which are 
20 intended to be within the scope of the present invention and specified formulas. 

Lu et al. (International Publication No. WO 01/38878; incorporated herein by reference in its 
entirety) disclose that PIN1 is overexpressed in a variety of cancers, including breast, colon, and 
prostate. Additionally, the authors disclose that PIN1 is overexpressed in proliferating celts. 
Therefore, the agents of the invention would have use for treating a variety of cell proliferative 
25 diseases associated with overexpression of PIN1 . 

Therapeutically effective amounts of the agents of the invention may be used to treat 
diseases mediated by modulation or regulation of P1N1. An "effective amount" is intended to mean 
that amount of an agent that, when administered to a mammal in need of such treatment, is sufficient 
to effect treatment for a disease modulated or inhibited by the activity of PIN1. Thus, e.g.. a 
30 therapeutically effective amount of a compound of the Fonnula I, salt, active metabolite or prodrug 
thereof is a quantity sufficient to modulate, regulate, or inhibit the activity of PIN1 such that a disease^ 
condition which is mediated by that activity is reduced or alleviated. 

The amount of a given agent that will correspond to such an amount will vary depending 
upon factors such as the particular compound, disease condition and its severity, the identity (e.g., 
35 weight) of the mammal in need of treatment, but can nevertheless be routinely detennined by one 
skilled in the art. The term "treating" refers to: 

(i) preventing a disease, disorder, or condition from occunring in an animal that may be 
predisposed to the disease, disorder and/or condition, but has not yet been diagnosed as having it; 
(li) inhibiting the disease, disorder, or condition, i.e., arresting its development; and 
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(iii) relieving the disease, disorder, or condition, i.e., causing regression of the disease, 
disorder, and/or condition. 

Detailed Description Of The 
5 Invention And Preferred Embodiments 

The active agents of the invention may be formulated into pharmaceutical compositions as 
described below. Pharmaceutical compositions of this invention comprise an effective modulating, 
regulating, or inhibiting amount of a compound of Formula I and an inert, pharmaceuticaiiy acceptable 

10 carrier or diluent. In one embodiment of the pharmaceutical compositions, efficacious levels of the 
inventive agents are provided so as to provide therapeutic benefits Involving modulation of PIN1. By 
"efficacious levels" is meant levels in which the effects of PIN1 activity are, at a minimum, regulated. 
These compositions are prepared in unit-dosage form appropriate for the mode of administration, 
e.g., parenteral or oral administration. 

15 An inventive agent can be administered in conventional dosage fonm prepared by combining 

a therapeutically effective amount of an agent (e.g., a compound of Formula I) as an active Ingredient 
with appropriate pharmaceutical carriers or diluents according to conventional procedures. These 
procedures may involve mixing, granulating and compressing or dissolving the ingredients as 
appropriate to the desired preparation. 

20 The pharmaceutical earner employed may be either a solid or liquid. Exemplary of solid 

carriers are lactose, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and 
the like. Exemplary of liquid can^iers are syrup, peanut oil. olive oil. water and the like. Similarly, the 
carrier or diluent may include time-delay or time-release material known In the art, such as glyceryl 
monostearate or glyceryl distearate alone or with a wax, ethylcellulose, hydroxypropylmetiiylcellulose, 

25 methylmetiiacrylate and the like. 

A variety of phamnaceutical forms can be employed. Thus, If a solid carrier is used, tiie 
preparation can be tableted, placed in a hard gelatin capsule In powder or pellet form or in the fomi 
of a troche or lozenge. The amount of solid carrier may vary, but generally will be from about 25 mg 
to about 1 g. If a liquid carrier is used, the preparation will be in the form of syrup, emulsion, soft 

30 gelatin capsule, sterile injectable solution or suspension in an ampoule or vial or non-aqueous liquid 
suspension. 

To obtain a stable water-soluble dose form, a pharmaceuticaiiy acceptable salt of an 
inventive agent is dissolved in an aqueous solution of an organic or inorganic acid, such as 0.3M 
solution of succinic acid or citric acid. If a soluble salt fonn is not available, the agent may be 

35 dissolved in a suitable cosolvent or combinations of cosolvents. Examples of suitable cosolvents 
include, but are not limited to. alcohol, propylene glycol, polyethylene glycol 300. polysorbate 80, 
gylcerin and the like in concentrations ranging firom 0-60% of the total volume, in an exemplary 
embodiment, a compound of Formula I is dissolved in DMSO and diluted with water. The 
composition may also be In the form of a solution of a salt form of the active ingredient in an 

40 appropriate aqueous vehicle such as water or isotonic saline or dextrose solution. 



PC19148A 



-16- 

It will be appreciated that the actual dosages of the agents used in the compositions of this 
invention will vary according to the particular complex being used, the particular composition 
formulated, the mode of administration and the particular site, host and disease being treated. 
Optimal dosages for a given set of conditions can be ascertained by those skilled in the art using 
5 conventional dosage-detemninatlon tests In view of the experimental data for an agent. For oral 
administration, an exemplary daily dose generally employed is from about 0.001 to about 1000 mg/kg 
of body weight, with courses of treatment repeated at appropriate intervals. Administratipn of 
prodrugs are typically dosed at weight levels, which are chemically equivalent to the weight levels of 
the fully active form. 

10 The compositions of the Invention may be manufactured in manners generally known for 

preparing pharmaceutical compositions, e.g., using conventional techniques such as mixing, 
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or 
lyophilizlng. Pharmaceutical compositions may be fomnulated in a conventional manner using one or 
more physiologically acceptable carriers, which may be selected from excipients and auxiliaries that 

15 facilitate processing of the active compounds into preparations, which can be used pharmaceutically. 

Proper formulation is dependent upon the route of administration chosen. For injection, the 
agents of the invention may be formulated into aqueous solutions, preferably in physiologically 
compatible buffers such as Hanks's solution, Ringer's solution, or physiological saline buffer. For 
transmucosal administration, penetrants appropriate to the barrier to be permeated are used in the 

20 fonnulation. Such penetrants are generally known in the art. 

For oral administration, the compounds can be formulated readily by combining the active 
compounds with pharmaceutically acceptable carriers known In the art. Such canriers enable the 
compounds of the invention to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, 
slurries, suspensions and the like, for oral ingestion by a patient to be treated. Pharmaceutical 

25 preparations for oral use can be obtained using a solid excipient in admixture with the active 
ingredient (agent), optionally grinding the resulting mixture, and processing the mixture of granules 
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients 
include: filters such as sugars, including lactose, sucrose, mannitol, or sorbitol; and cellulose 
preparations, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum, methyl 

30 cellulose, hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, or polyvinylpyn-olidone 
(PVP). If desired, disintegrating agents may be added, such as crossllnked polyvinyl pyrrolidone, 
agar, or alginic acid or a salt thereof such as sodium alginate. 

Dragee cores are provided with suitable coatings. For this purpose, concentrated sugar 
solutions may be used, which may optionally contain gum arabic, polyvinyl pynrolidone, Carbopol gel, 

35 polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or solvent 
mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for Identification or to 
characterize different combinations of active agents. 

Pharmaceutical preparations, which can be used orally include push-fit capsules made of 
gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or sori^itol. 

40 The push-fit capsules can contain the active ingredients in admixture with fillers such as lactose, 
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binders such as starches, and/or lubricants such as talc or magnesium stearate, and, optionally, 
stabilizers. In soft capsules, the active agents may be dissolved or suspended in suitable liquids, 
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added. 
All formulations for oral administration should be in dosages suitable for such administration. For 
5 buccal administration, the compositions may take the fomfi of tablets or lozenges formulated in 
conventional manner. 

For administration intranasally or by inhalation, the compounds for use according to the 
present invention are conveniently delivered in the fomi of an aerosol spray presentation from 
pressurized packs or a nebuliser, with the use of a suitable propellant, e.g., dichlorodifluoromethane, 
10 trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of 
a pressurized aerosol the dosage unit may be detemilned by providing a valve to deliver a metered 
amount. Capsules and cartridges of gelatin for use in an inhaler or insufflator and the like may be 
formulated containing a powder mix of the compound and a suitable powder base such as lactose or 
starch. 

15 The compounds may be formulated for parenteral administration by injection, e.g., by bolus 

injection or continuous infusion. Formulations for injection may be presented in unit-dosage form, 
e.g., in ampoules or in multi-dose containers, with an added preservative. The compositions may 
take such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain 
formulatory agents such as suspending, stabilizing and/or dispersing agents. 

20 Pharmaceutical formulations for parenteral administration include aqueous solutions of the 

active compounds in water-soluble form. Additionally, suspensions of the active agents may be 
prepared as appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles include 
fatty oils such as sesame oil. or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or 
liposomes. Aqueous injection suspensions may contain substances that Increase the viscosity of the 

25 suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension 
may also contain suitable stabilizers or agents, which increase the solubility of the compounds to 
allow for the preparation of highly concentrated solutions. 

Alternatively, the active ingredient may be in powder form for constitution with a suitable 
vehicle, e.g., sterile pyrogen-free water, before use. The compounds may also be formulated in rectal 

30 compositions such as suppositories or retention enemas, e.g. containing conventional suppository 
bases such as cocoa butter or other glycerides. 

In addition to the formulations described above, the compounds may also be formulated as a 
depot preparation. Such long-acting formulations may be administered by implantation (for example, 
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for example, the compounds 

35 may be formulated with suitable polymeric or hydrophobic materials (for example, as an emulsion in 
an acceptable oil) or ion-exchange resins, or as sparingly soluble derivatives, for example, as a 
sparingly soluble salt. 

An exemplary pharmaceutical carrier for hydrophobic compounds is a cosolvent system 
comprising benzyl alcohol, a nonpolar surfactant, a water-miscible organic polymer, and an aqueous 
40 phase. The cosolvent system may be a VPD co-solvent system. VPD is a solution of 3% w/v benzyl 
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alcohol, 8% w/v of the nonpolar surfactant polysorbate 80, and 65% w/v polyethylene glycol 300, 
made up to volume in absolute ethanol. The VPD co-solvent system (VPD:5W) contains VPD diluted 
1:1 with a 5% dextrose In water solution. This co-solvent system dissolves hydrophobic compounds 
well, and Itself produces low toxicity upon systemic administration. Naturally, the proportions of a co- 
5 solvent system may be varied considerably without destroying its solubility and toxicity characteristics. 
Furthemiore, the identity of the co-solvent components may be varied: for example, other low-toxiclty 
nonpolar surfactants may be used instead of polysorbate 80; the fraction size of polyethylene glycol 
may be varied; other biocompatible polymers may replace polyethylene glycol, e.g. polyvinyl 
pyn-olidone; and other sugars or polysaccharides may be substituted for dextrose. 
10 Alternatively, other delivery systems for hydrophobic pharmaceutical compounds may be 

employed. Liposomes and emulsions are known examples of delivery vehicles or carriers for 
hydrophobic drugs. Certain organic solvents such as dimethylsulfoxide also may be employed, 
although usually at the cost of greater toxicity. Additionally, the compounds may be delivered using a 
sustained-release system, such as semipermeable matrices of solid hydrophobic polymers 
15 containing the therapeutic agent. Various sustained-release materials have been established and 
are known by those skilled in the art. Sustained-release capsules may, depending on their chemical 
nature, release the compounds for a few weeks up to over 100 days. Depending on the chemical 
nature and the biological stability of the therapeutic reagent, additional strategies for protein 
stabilization may be employed. 
20 The pharmaceutical compositions also may comprise suitable solid- or gel-phase carriers or 

excipients. Examples of such carriers or excipients include calcium carbonate, calcium phosphate, 
sugars, starches, cellulose derivatives, gelatin, and polymers such as polyethylene glycols. 

Some of the compounds of the invention may be provided as salts with pharmaceutically 
compatible counter ions. Pharmaceutically compatible salts may be formed with many acids, 
25 including hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, etc. Salts tend to be more 
soluble in aqueous or other protonic solvents than are the corresponding free-base forms. 

The inventive agents may be prepared using the reaction routes and synthesis schemes as 
described below, employing the general techniques known in the art using starting materials that are 
readily available. The preparation of preferred compounds of the present invention is described in 
30 detail in the following examples, but the artisan will recognize that the chemical reactions described 
may be readily adapted to prepare a number of other PIN1 inhibitors of the invention. For example, 
the synthesis of non-exemplified compounds according to the invention may be successfully 
performed by modifications apparent to those skilled in the art. e.g., by appropriately protecting 
interfering groups, by changing to other suitable reagents known in the art, or by making routine 
35 modifications of reaction conditions. Alternatively, other reactions disclosed herein or generally 
known in the art will be recognized as having applicability for preparing other compounds of the 
Invention. 
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Examples 

In the examples described below, unless otherwise indicated all temperatures are set forth In 
degrees Celsius (°C) and all parts and percentages are by weight. Reagents were purchased from 

5 commercial suppliers such as Aldrich Chemical Company or Lancaster Synthesis Ltd. and were used 
without further purification unless othenvlse Indicated. Tetrahydrofuran and N, N-dimethylfoonamide 
were purchased from Aldrich In Sure Seal bottles and used as received. All solvents were purified 
using standard methods known to those skilled In the art, unless otherwise Indicated. 

The reactions set forth below were done generally under a positive pressure of argon at an 

10 ambient temperature (unless othenwse stated) in anhydrous solvents, and the reaction flasks were 
fitted with rubber septa for the introduction of substrates and reagents via syringe. Glassware was 
oven dried and/or heat dried. Analytical thin layer chromatography (TLC) was perfonmed on glass- 
backed silica gel 60 F 254 plates from Analtech (0.25 mm), eluted with the appropriate solvent ratios 
(v/v), and were denoted v\rfiere appropriate. The reactions were assayed by TLC and terminated as 

15 judged by the consumption of starting material. 

Visualization of the TLC plates was done with iodine vapor, ultraviolet illumination, 2% 
Ce(NH4)4(S04)4 in 20% aqueous sulfuric acid, or p-anisaldehyde spray reagent, and activated with 
heat where appropriate. Wortc-ups were typically done by doubling the reaction volume with the 
reaction solvent or extraction solvent and then washing with the indicated aqueous solutions using 

20 25% by volume of the extraction volume unless othenwise indicated. Product solutions were dried 
over anhydrous Na2S04 and/or Mg2S04 prior to filtration and evaporation of the solvents under 
reduced pressure on a rotary evaporator and noted as solvents removed in vacuo. Flash column 
chromatography (Still et al.. J. Org. Chem., 43, 2923 (1978)) was done using Merck silica gel (47-61 
^m) with a silica gel crude material ratio of about 20:1 to 50:1 . unless otherwise stated. 

25 Hydrogenolysis was done at the pressure indicated in the examples or at ambient pressure. All 
melting points (mp) are uncorrected. 

^H-NMR spectra were recorded on a Bruker or Varian instrument operating at 300 MHz and 
^^C-NMR spectra were recorded operating at 75 MHz. NMR spectra were obtained as CDCI3 
solutions (reported In ppm), using chloroform as the reference standard (7.27 ppm and 77.00 ppm) 

30 or CD3OD (3.4 and 4.8 ppm and 49.3 ppm). or internally tetramethylsilane (0.00 ppm) when 
appropriate. Other NMR solvents were used as needed. When peak multiplicities are reported, the 
following abbreviations are used: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), br 
(broadened), dd (doublet of doublets), dt (doublet of triplets). Coupling constants, when given, are 
reported in Hertz (Hz). 

35 Infrared (IR) spectra were recorded on a Peri^ln-Elmer FT-IR Spectrometer as neat oils, as 

KBr pellets, or as CDCI3 solutions, and when given are reported in wave numbers (cm'V 

Mass spectrometry (MS) was conducted with various techniques. Mass spectra were 
obtained using liquid chromatograph electrospray Ionization mass spectrometry. MS (ESP). Matrix- 
Assisted Laser Desorption/lonization (MALDI) Fourier Transform Mass Spectrometry was performed 

40 on an lonSpec FTMS mass spectrometer. 
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The following compounds of the Invention were made according to the general synthetic 
pathways shown in Schemes 1-10 and the detailed experimental procedures that follow thereof. 
These synthetic pathways and experimental procedures utilize many common chemical 
abbreviations, such as THF (tetrahydrofuran), DMF (N.N-dimethylformamide), EtOAc (ethyl acetate), 
DBU (1,8-diazacyclo[5.4.0]undec-7-ene), TMSCI (trimethylsilyl chloride), MCPBA (3- 
chloroperoxybenzoic acid). EDC (1-(3-dimethylaminopropyl)-3-ethylcartradiimide hydrochloride). 
HOST (1-hydroxybenzotriazole hydrate). DMAP (4-dimethylaminopyridlne), TBDPSCI (t- 
butyidiphenylchlorosilane). TMSBr (bromotrimethylsilane ). DIEA (dilsopropylethylamine), TBAI 
(tetrabutylamonium iodide), and the like. 
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To a pyridine solution (1 mL) of the sulfamoyi chloride 1a (0.14 g, 0.5 mmol. preparation 
described in International Publication No. WO 0140185) was added D-phenylalaninol (0.151 g, 1 
mmol) at 25 °C. After 12 h, the reaction mixture was concentrated in vacuo. The yellow residue was 
purified by flash column chromatography (25% ethyl acetate (EtOAc) in hexanes) followed by 
5 preparative TLC to afford 70 mg (33% yield) of the compound 2a. ''H NMR (CDCI3): 6 7.24-7.0 (10H. 
m), 4.89 (2H. AB). 4.70 (1H, d. J=8.7 Hz), 4.25 (1H. dd, J=8,7, 3.6 Hz). 3.54 (2H, m). 3.28 (1H, 
m). 3.04 (2H, m), 2.66 (2H, d, J=6.6 Hz). 2.33 (1H, m). 2.01 (1H. m); HRMS (FAB) calc for 
C21H27N2O5S (M+H*) 419.1641; found 419.1629. 

10 Example 3a: 1-(2-Phenyl-1-8ulfooxymethyl-ethylsulfenfioyl)-pyiTOlidine-2S-carboxylic acid 
benzyl ester 




15 At -70 ''C. a methylene chloride solution (2 mL) of the alcohol 2a (10 mg. 0.024 mmol) was 

added triethylamlne (EtaN, 0.05 mL) and chlorosulfonic acid (8 mg. 5 pi. 0.068 mmol). The cooling 
bath was then removed and the reaction mixture was allowed to wamri to 25 ®C over 3 h. All solvent 
was evaporated in vacuo. The residue was purified by column chromatography (3% methanol 
(MeOH) in EtOAc) to give 8 mg (67% yield) of the title compound 3a. ^H NMR (CD3OD): 5 7.4-7.15 

20 (10H. m). 5.16 (2H, AB), 4.22 (1H. dd, J=8.7, 3.9 Hz), 4.04 (1H, dd, J=10.2, 4.8 Hz). 3.91 (1H. dd, 
J=10.2, 4.5 Hz), 3.77 (1H, m). 3.38 (1H, m), 3.14 (1H, m), 2.93 (1H. dd, J=14.1, 9.1 Hz). 2.81 (1H, 
dd, J=14.1. 6.6 Hz). 2.18 (1H, m). 1.97-1.73 (3H,m); MS (ESP): 497 (M-H*); HRMS (FAB) calc for 
C2iH26N208S2Na (M+Na*) 521.1028; found 521.1010. 

25 Alcohol 2b1: 




NH 2b1 

Ph^/^OH 



Prepared as described in the synthesis of 2a using the n-butyl-phenyl ester of sulfamoyi 
chloride 1a (0.15 g, 0.42 mmol, preparation described in International Publication No. WO 0140185) 
30 and D-phenylalaninol (0.18 g, 1.2 mmol). After purification by flash column chromatography (25% 
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EtOAc in hexanes), the compound 2b1 (62 mg) was obtained in 31% yield. NMR (CDCI3): 6 7.4- 
7.1 (10H, m), 5.17 (1H, d, J=8.1 Hz), 4.68 (1H. d, J=4.5 Hz). 4.20 (2H, m), 3.75 (2H, m), 3.65 (1H. 
m), 3.36 (1H, br d. J=12.1 Hz), 2.95-2.73 (3H, m). 2.67 (2H, m). 2.45 (1H. br s), 2.24 (IN, d, J=13.1 
Hz); HRMS (FAB) calc for C25H34N205SNa (M+Na*) 497.2086; found 497.2079. 

5 

Example 3b1: 1-(2-Phenyl-1-sulf6oxymethyl-ethylsulfemoyl)-piperidine-2S-carboxylic acid 4- 
phenyl-butyl ester 




Prepared as described in the synthesis of 3a using the alcohol 2b1 (10 mg, 0.021 mmol), 
chlorosulfonic acid (6 mg, 4 pi, 0.055 mmol) and triethylamine (0.015 mL). The reaction mixture was 
diluted with EtOAc (20 mL) and washed with ice-cold 5% hydrochloric (HCI) solution (1x20 mL). 
Column chromatography (8% MeOH in EtOAc) afforded 10 mg (85% yield) of the title compound 
15 3b1, ^H NMR (CDCI3): 6 7,3-6.9 (10H, m), 6.03 (1H, br s). 4.26 (2H, m). 4.05 (2H. m), 3.93 (1H, br 
s), 3.58 (1H, br s), 3.13 (1H, m). 2.79 (3H, m). 2.48 (2H, m), 2.30 (IN, m), 1.88 (1H. m); HRMS 
(FAB) calc for C25H33N2O8S2CS2 (M-H*+2Cs*) 818.9787; found 818.9756. 

Alcohol 2b2: 

20 




Prepared as described in the synthesis of 2a using the sulfamoyi chloride 1b2 (0.1 5g, 0.47 
mmol, preparation described in International Publication No. WO 0140185) and D-phenylalaninol 
25 (0.214 g, 1.4 mmol). After purification by flash column chromatography (25% to 30% EtOAc in 
hexanes). the compound 2b2 (66 mg) was obtained in 33% yield. ^H NMR (CDCI3): 5 7.4-7.17 (10H, 
m), 5.19 (2H. AB). 6.03 (1H. d, J=8.4 Hz), 4.71 (1H, br d. J=4.8 Hz). 3.8-3.6 (2H, m), 3.48 (1H. m), 
3.31 (1H. brd. J=12.6 Hz). 2.88-2.74 (3H, m), 2.34 (1H. brt, J=5.1 Hz). 2.25 (1H. m). 
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Example 3b2: 1-(1-Benzyl-2-sulfooxy-ethylsulfamoyl)-plperidine-2S-carboxylic acid benzyl 
ester 




Prepared as described in the synthesis of 3a using the alcohol 2b2 (30 mg, 0.069 mmol), 
chlorosulfonic acid (16 mg, 10 pi, 0.13 mmol) and triethylamlne (0.05 mL). The reaction mixture was 
diluted with EtOAc (20 mL) and washed with ice-cold 5% HCI solution (1x20 mL). Column 
chromatography purification (5% MeOH in EtOAc) afforded 25 mg (70% yield) of the title compound 
10 3b2. NMR (CDCI3): 6 7.31-7.01 (10H, m), 6.03 (1H. br d, J=9 Hz). 5.16 (1H, d. J=12.3 Hz). 5.00 
(1H. d. J=12.3 Hz). 4.43-4.30 (2H. m). 4.1 (1H, m). 3.66 (1H. m). 3.37 (3H. m). 3.14 (1H. m), 2.80 
(3H, m), 1.98 (1H, br d); HRMS (FAB) calc for C22H27N208S2Na2 (M-H*+2Na*) 557.1004; found 
557.1019. 



15 Alcohol 2b3: 




Prepared as described in the synthesis of 2a using the sulfamoyl chloride 1b3 (0.05 g, 0.105 
mmol, preparation described In International Publication No. WO 0140185) and D-phenylalaninol 
20 (0.026 g, 0.17 mmol). After purification by flash column chromatography (25% to 30% EtOAc in 
hexanes), the compound 2b3 (30 mg) was obtained In 48% yield. ^H NMR (CDCI3): 6 7.35-7.09 
(15H, m). 5.07 (1H, d. J=7.8 Hz). 5.02 (1H, m). 4.64 (1H, br d. J=4.5 Hz). 3.69 (2H, m). 3.47 (1H, m), 
3.30 (1H. br d. J=12.6 Hz). 2.84 (2H. d, J=7.2 Hz). 2.80 (1H. td. J=13.5. 3.9 Hz), 2.67-2.51 (4H. m), 
2.26-2.08 (2H, m). 
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Example 3b3: 1-(2-Phenyl-1-sulfboxymethyl-6thylsulfamoyl)-piperidine-2S-carboxylic acid 4- 
phenyl-1 -(3-phenyi-propyl)-butyl ester 




Prepared as described in the synthesis of 3a using the alcohol 2b3 (10 mg, 0.0169 mmol), 
chlorosulfonic acid (8 mg, 5 0.068 mmol) and triethylamine (0.05 mL). The reaction'mlxture was 
diluted with EtOAc (20 mL) and washed with ice-cold 5% HCI solution (1x20 mL). Column 
chromatography purification (5% MeOH in EtOAc) afforded 8 mg (70% yield) of the title compound 
3b3. NMR (CDCI3): 6 7.36-7.00 (15H, m). 6.06 (1H, br d, J=7,5 Hz). 4.90 (1H, m). 4.31 (1H, br d), 
4.20 (1H, br s), 4.06 (1H. m). 3.66 (1H, m), 3.34 (1H. br d. J=11.1 Hz). 2.85 (3H. m). 2.51 (4H. m); 
HRMS (FAB) calc for C34H43N2O8S2CS2 (M-H*+2Cs*) 937.0570; found 937.0557. 



Synthesis of Benzvl Ester 




Ph 

To a mixture of L-peniclllamine (14.92 g), 1 ,2-dichloroethane (300 mL) and DMF (2 mL) at 0 
°C was added 1.8-diazacyclo(5.4.0]undec-7-ene (DBU. 22.4 mL), followed by trimethylsilyl chloride 
(TMSCI. 19 mL). After stirring for 3 h. the solution was wanned to 25 followed by the slow 
addition of DBU (29.9 mL). The reaction mixture was stin-ed for 17 h at 25 °C. Methanol (10 mL) 
was added and a precipitate formed. The precipitate was collected by filtration and was rinsed with a 
minimum amount of methanol. The solid was dried in vacuo at 50 **C for 6 h to give 3(R)-2,2- 
dimethyl-tetrahydro-2H-1.4-thiazlne-3-cari30xyllc acid as a white powder (16 g). At 0 ^'C. a portion of 
the thiazine (0.4 g. 2.3mmol) was dissolved In a NaOH solution (1 N, 12 mL). To the resulting 
mixture was added benzylchlorofomiate (1.4 mL, 9.2 mmol). After 15 h at 25 °C, the solution was 
diluted with water (20 mL) and extracted with EtOAc (2x25 mL). The extracts were dried (MgSOJ 
and concentrated in vacuo. Flash column chromatography (15-20% EtOAc in hexanes) purification 
afforded 0.63 g of the title compound 3b3. ^H NMR (CDCI3): (mixture of two rotamers) 5 7.3 (10H, 
m). 7,11 (4H, br s). 4.87 and 4.70 (1H. s), 4.40 and 4.28 (1H. d, J=6.7 Hz), 3.72 and 3.60 (1H, m), 
2.94 (1H. m), 2.37 (1H, t, J=3.9 Hz), 1.45 (3H, s). 1.34 (3H. s); MS (ESP) 400 (M+H*). 
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Sulfamoyl Chloride 1b4: 




Ph 



6 To a methylene chloride solution (2 mL) of the benzyl ester (0.6 g, 1.5 mmol) at 0 °C was 

added methyl sulfide (1 mL) and BF3 • Et20 (0.2 mL). After 16 h. the reaction mixture was added 
sat'd NaHCOa solution (5 mL) and extracted with methylene chloride (2x20 mL). Combined organic 
layers were washed with brine (1x25 mL) and dried (Na2S04). All solvent was removed in vacuo to 
give a pale yellow oil (0.35 g), which was dissolved in methylene chloride (8 mL). To the resulting 

10 solution was slowly added triethylamine (1 mL) and CISO3H (0.23 g, 1.97 mmol). The mixture was 
allowed to warm to about 25 and stin-ed at that temperature for about 2 h. The solution was then 
concentrated in vacuo after which benzene (2x15 mL) was added and evaporated to remove trace 
amounts of EtaN and water. To the residue was added benzene (20 mL) and PCI5 (0.41 g, 1.97 
mmol). The suspension was heated at reflux for about 30 minutes, then cooled to about 25 °C and 

15 poured into an ice-cold NaOH solution (5%, 40 mL). The aqueous mixture was extracted with CH2CI2 
(3x30 mL), dried over sodium sulfate and concentrated. The residue was purified by flash column 
chromatography (3% EtOAc In hexanes) affording 0.355 g (74%) of the compound 1b4. Amine: 
NMR (CDCI3): 6 7.4-7.3 (5H, m), 5.14 (2H. AB), 3.75 (1H. s). 3.38 (1H. m), 2.92 (2H, m). 2.27 (1H, 
m), 1.40 (3H, s), 1.26 (3H, s); SulfamoyI Chloride 1b4: NMR (CDCI3): 6 7.43-7.29 (5H, m), 5,22 

20 (2H. AB), 4.53 (1H, s). 4.24-4.05 (2H. m). 3.17 (1H. dd, J=11.7. 4.5 Hz). 3.13 (1H. dd. J=11.7. 4.8 
Hz). 2.56 (1H, dt. J=14.1. 2.7 Hz). 1.58 (3H, s). 1.29 (3H, s). 

Alcohol 2b4: 



25 




Prepared as described in the synthesis of 2a using the sulfamoyi chloride 1b4 (0.2 g, 0.55 
mmol) and D-phenylalaninol (0.166 g. 1.1 mmol). After purification by flash column chromatography 

(25% to 30% EtOAc in hexanes), the compound 2b4 (10 mg) was obtained in 4% yield. NMR 
30 (CDCI3): 6 7.42-7.12 (10H, m), 5.18 (2H, AB). 4.46 (2H. m), 3.68-3.59 (3H. m). 3.48 (IH.m), 3.39 
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(1H. m), 2.95 (1H, m). 2.76 (2H. d, J=7.2 Hz), 2.32 (1H. dt. J=13.6. 2.1 Hz). 1.87 (3H. s). 1.34 (3H. 
s). 

Example 3b4: 3,3-Dimethyl-1-(2'^henyi-1-sulfooxymethyl-ethylsulfamoyl)-piperidine-2R- 
5 carboxylic acid benzyl ester 




Prepared as described in the synthesis of 3a using the alcohol 2b4 (6 mg, 0.0126 mmol), 
chlorosulfonic acid (6 mg, 4 pi, 0.04 mmol) and triethylamine (0.04 mL). The reaction mixture was 

10 diluted with EtOAc (20 mL) and washed with ice-cold 5% NCI solution (1x20 mL). Column 
chromatography purification (6% MeOH in EtOAc) afforded 3 mg (43% yield) of the title compound 
3b4. NMR (CDCI3): 5 7.34-7.06 (10H. m). 5.04 (2H. s), 4.23 (1H. s), 3.89 (1H, dd, J=9.9, 4.2 Hz). 
3.82 (1H, dd, J=9.9, 5.1 Hz), 3.59 (1H, td, J=12.9. 3 Hz), 3.52-3.33 (2H. m). 2.88 (1H, dd, J=14.1, 6.8 
Hz). 2.64 (1H. dd. J=14.1, 7.5 Hz). 2.53 (1H, td, J=12.8, 4.2 Hz), 2.13 (1H, dt, J=14.1. 2.4 Hz). 1.37 

1 5 (3H. s), 1 .09 (3H, s); MS (ESP) 557 (M-H"). 

Phosphate Benzyl Ester 4b1: 




20 

To an acetonitrile solution (7 mL) of the alcohol 2b1 (25 mg, 0.0527 mmol) and IH-tetrazole 
(7.4 mg, 0.105 mmol) was added dibenzyl N,N-diisopropylphosphoramidite (27.3 mg. 0.079 mmol) at 
25 ^'C. After 1 h. 3-chloroperoxybenzoic acid (MCPBA, 34 mg, 70% pure, 0.139 mmol) was added to 
the suspension. The solution was diluted with ether (40 mL), washed with concentrated NaHSOa 
25 solution (2x30 mL), dried over MgS04 and concentrated in vacuo. The residue was purified by 
preparative TLC to give 29.5 mg of the compound 4b1 in 76% yield. ^H NMR (CDCI3): 6 7.30-7.05 
(20H. m), 5.09 (1H, d. J=9.3 Hz), 4.99 (4H, m). 4.52 (1H. m). 4.14-3.83 (4H, m). 3.68 (1H. m). 3.20 
(1H, d. J=12.9 Hz). 2.75 (2H, d. J=7.2 Hz). 2.72 (1H. m). 2.54 (2H. m). 2.10 (1H. d. J=13.5 Hz); 
HRMS (FAB) calcforC39H47N208PSCs (M+Cs*) 867.1845; found 867.1868. 
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Example 5b1 : 1 -(2-Pheny 1-1 -phosphonooxymethyl-ethylsulfamoyl)*piperi(Jine-2S-carboxy lie 
acid 4-phenyl-butyl ester 




To a methanol solution of the phosphate benzyl ester 4b1 (29.5 mg, 0.0402 mmol) was 
added palladium on carbon (10%, 5mg). The suspension was kept under hydrogen (1 atm) for 1.5 h. 
After filtration, the filtrate was concentrated to dryness, affording 22.6 mg of the title compound 5b1 
10 in 100% yield. NMR (CDCI3): 6 7.34-6.95 (10H, m). 4.47 (1H, s), 4.17-3.82 (4H, m). 3.62 (1H. br 
s), 3.20 (1H, br d), 3.28 (3H. m), 2.53 (2H. m). 1.21 (1H. br d); HRMS (FAB) calc for 
CasHssNzOsPSNa (M+Na*) 577.1749; found 577.1769. 



Phosphate Benzyl Ester 4b2: 

15 




0 r.r. 4b2 



Prepared as described in synthesis of 4b1 using the alcohol 2b2 (240 mg, 0.554 mmol), 1H- 
20 tetrazole (77 mg, 1.11 mmol), dibenzyl N,N-dlisopropylphosphoramidite (249 mg, 0.72 mmol). 
Hydrogen peroxide (30%, 2 mL) instead of MCPBA was used for the oxidation. Column 
chromatography purification (30% EtOAc In hexanes) provided 300 mg of the compound 4b2 in 83% 
yield. NMR (CDCI3): 6 7.41-7.10 (20H, m). 5.11-5.00 (6H, m), 4.66 (1H, J=4.5 Hz), 4.07 (1H. m), 
3.89 (1H. m), 3.72 (1H. m), 3.26 (1H, br d, J=13.2 Hz), 2.85-2.71 (3H, m). 2.22 (1H, d. J=12.9 Hz). 
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Example 5b2: 1 -(2-Phenyl-1 -phosphonooxymethyl-ethylsulfemoyl)-piperidine-2-carboxyllc 
acid 




5b2 



Prepared as described in tiie synthesis of 5b1 from phospliate benzyl ester 4b2 (300 mg, 
0.457 mmol). The benzyl ester of the carboxylate was also cleaved to carboxylic acid during the 
hydrogenation. The title compound 5b2 was obtained in 68% yield (119 mg). NMR (CDaOD): 5 
7.37-7.13 (5H, m), 4.46 (1H. d. J=2.1 Hz), 4.05 (2H, m), 3.64 (1H, m), 3.28 (1H, m), 3.05 (1H, m), 
10 3.00 (1H, dd, J=13.8, 6.8 Hz). 2.82 (1H, dd, J=13.8, 7.6 Hz), 2.15 (1H, d. J=12.9 Hz)- LCIVIS: 423 
(IVI+H*); HRMS (FAB) calc for C15H24N2O8PS (M+H*) 423.0991; found 423.0995. 

Alcohol 2b5: 



15 




Prepared as described in the synthesis of 2a using the sulfemoyi chloride IbS (0.07 g, 0.205 
mmol, preparation described in Intemational Publication No. WO 0140185) and D-phenylalaninol (0.1 
g, 0.662 mmol). 3,5-Lutidine was employed as the reaction solvent In place of pyridine. After 
20 purification by flash column chromatography (50% EtOAc in hexanes), the compound 2b5 (28 mg) 
was obtained in 30% yield. ""H NMR (CDCI3): 6 7.43-7.13 (10H, m), 5.53 (1H. d, J=8.4 Hz), 5.27 (1H. 
br d, J=3.3 Hz). 4.19 (2H. AB), 3.71 (2H, m). 3.48 (1H. m), 3.35 (1H, dt. J=12.9, 3.3 Hz), 2.91-2.74 
(3H. m). 2.53 (1H, t. J=6.3 Hz), 2.19 (1H. dq, J=13.5, 3 Hz), 1.94 (1H. tdd, J=13.6, 5.3, 3.8 Hz). 
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Benzyl Phosphate Ester 4b5: 




5 Prepared as described in synthesis of 4b1 using the alcohol 2b5 (28 mg, 0.061 mmol). 1H- 

tetrazole (8 mg, 0.12 mmol), dibenzyl N,N-dilsopropylphosphoramidite (25 mg, 0.072 mmol) and 
MCPBA (33 mg. 70% pure. 0.13 mmol). Column chromatography purification (30 to 60% EtOAc in 
hexanes) followed by preparative TLC purification (50% EtOAc in hexanes) provided 30 mg of the 
compound 4b5 in 69% yield. 'H NMR (CDCI3): 6 7.44-7.07 (20H, m), 5,67 (1H. d. J=8.4 Hz), 5.19 

10 (1H, br d. J=3 Hz), 5.13-4.97 (4H, m), 4.13 (2H, AB). 4.04 (1H. m), 3.91 (1H. m). 3.76 (1H. m). 3.26 
(1H. dt. J=12.6. 3 Hz). 2.89-2.69 (3H, m), 2.16 (1H. dq, J=13.8, 3 Hz), 1.89 (1H. m). 1.74 (1H, br s), 
1.64 (1H, dt, J=13.2, 3.3 Hz). 

Example 5b5: Phosphoric acid mono-{(R)-2.[(S)-2-(5.benzy|.[1,3,4]oxadiazol-2-yl)-piperidine- 
1 5 1-sulfonylammo]-3-pheny {-propyl} ester 




5b5 



20 Prepared as described In the synthesis of 5b1 using phosphate benzyl ester 4b5 (30 mg, 

0,042 mmol) and 10% palladium on carbon (5 mg). The title compound 5b5 was obtained in 
quantitative yield (28 mg). ^H NMR (CD3OD): 6 7.32-7.01 (10H. m). 4.95 (1H, m), 4.12 (2H, AB), 
3.92-3.76 (2H, m). 3.51 (1H. m). 3.24 (1H. br d). 2.93-2.76 (2H. m), 2.67 (1H. dd. J=13.8. 7.8 Hz). 
1.92 (1H, br d). 1.79 (1H. m); MS (ESP): 559 (M+Na*); 535 (M-H) . 
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Scheme 2 
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Alcohol 9: 




6 To a DMF solution (5 mL) of 3-amino-1-propanol (0.207 g. 0.21 mL, 2.76 mmol) was added 

triethylamine (0.42 mL. 3 mmol) and 4-chloro-7-nltroben2ofurazan (0.5 g. 2.5 mmol) at 26 °C. After 
20 h. the reaction mixture was poured into water (100 mL). The precipitate was collected by filtration. 
Recrystalizatlon from warm methanol afforded 150 mg (25% yield) of the compound 9 as a yellow 
solid. NIVIR (CD3OD): 6 9.49 (1H. s). 8.51 (1H, d. J=8.7 Hz), 6.41 (1H. d, J=8.7 Hz). 4.65 (1H. m). 

10 3.62-3.44 (4H. m). 1.84 (2H. p. J=6.6 Hz); MS (positive ESP): 239 (M+H*); MS (negative ESP): 237 
(M-H)". 

Ester 11: 




To a DMF solution (2 mL) of the alcohol 9 (0.08 g. 0.336 mmol) and N-Boc-pipecolinic acid 
10 (0.115 g, 0.604 mmol, preparation described in International Publication No. WO 0140185) was 

20 added triethylamine (0.2 mL), EDO (1-(3-dlmethylaminopropyl)-3-ethylcarbodllmlde hydrochloride) 
(0.097 g, 0.504 mmol) and HOBT (1-hydroxybenzotriazole hydrate) (0.068 g, 0.0504 mmol) at 25 °C. 
After 20 h, the reaction mixture was diluted with EtOAc (50 mL). washed with brine (3x50 mL). dried 
(Na2S04) and concentrated. The residue was purified by column chromatography (20-25% EtOAc in 
hexanes) affording 150 mg (100%yield) of the compound 11. ""H NMR (CDCI3): (mixture of two 

25 rotamers) 6 8.48 (1H, d, J=8.7 Hz). 7.11-6.94 (1H. br s), 6.26 (1H, d, J=8.7 Hz), 4.85 (1H. brs), 4.36 
(2H. m), 4.06-3.86 (2H, m), 3.67 (2H. m), 3.12-2.81 (1H, m), 2.26-2.12 (3H. m), 1.46 (9H, s). 

Amine 6b 



30 
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To a methylene chloride solution (5 mL) of the ester 11 (150 mg, 0.5 mmol) at -30 °C was added 
trifluoroacetic acid (1 mL). The solution was wanmed to 25 °0 over 3 h. All solvent was removed in 
vacuo to give 125 mg (100%) of the compound 6b. NMR (CDCI3): 6 8.45 (1H, d. J=8.4 Hz). 6.18 
(1H. d, J=8.4 Hz). 4.35 (2H, t. J=6.3 Hz). 3.66 (2H. t. J=6 Hz). 3.43 (1H, dd. J=9.9, 3.3 Hz). 3.13 (1H, 
5 br d). 2.70 (1H. brt), 2.19 (2H, p. J=6.3 Hz). 



Urea 12b 




3 
6b 



N-0 



8b NCO 




NQz 




NO2. 



O-Si- 



12b 



10 



To a DMF solution (5 mL) of D-phenylalanlnol (1 g, 6.6 mmol) was added imidazole (0.494 g, 
7.27 mmol) and t-butyldimethylchlorosllane (1 g. 7.27 mmol). After 40 h, the mixture was diluted with 
ether (20 mL), washed with brine (3x50 mL) and dried (Na2S04). All solvent was removed in vacuo 

15 to give the amine 8b (1.85 g) as a colorless oil. At -40 °C, a portion of the amine 8b (0.265 g, 1 
mmol) was added to a methylene chloride solution (5 mL) of phosgene (0.644 mL, 20% in toluene, 
1.1 mmol) and triethylamine (0.5 mL). The solution was slowly wanned up to 25 "^C over 30 min, and 
was cooled to 0 **C again. The pipecolate ester 6b (0.05 g, 0.143 mmol) was introduced at once. 
The mixture was stired at 25 °C for 20 h. diluted with EtOAc (50 mL). washed with concentrated 

20 NaHCOa solution (1x50 mL). dried (Na2S04) and concentrated. The residue was purified by column 
chromatography (50% EtOAc in hexanes) to afford 20 mg (22% yield) of the compound 12b. 
NMR (CDCI3): 6 8.42 (1H. d, J=8.7 Hz), 7.30-7.07 (5H. m), 6.17 (1H. d, J=8.7 Hz). 5.11 (1H, d. J=8.7 
Hz), 4.83 (1H. dd, J=6, 3.3 Hz), 4.37 (1H. m), 4.15 (1H, m), 4.02 (1H, m). 3.66-3.28 (4H. m), 3.19 
(1H. td. J=11.7, 3.6 Hz). 2.81 (3H, m). 2.07 (3H, m). 0.88 (9H. s), 0.01 (3H, s). 0.0 (3H. s). 

25 Alcohol13b: 




30 



To a THF solution (4 mL) of the silyl ether (20 mg, 0.0313 mmol) was added 
tetrabutylammonium fluoride (1 mL. 1M in THF, 1 mmol). After 1 h at 25 ''C, the solution was 
concentrated. The resulting residue was purified by column chromatography (75% EtOAc in 



PC19148A 



-34- 

hexanes) to give 18 mg (100%) of the compound 13b. NMR (CD3OD): 6 8.49 (1H, d, J=9 Hz). 
7.3-7.1 (5H, m), 6.35 (1H, d. J=9 Hz), 4.38 (1H. m), 4.05 (1H, m), 3.92 (IN. dd, J=13.2, 4.8 Hz), 3.84- 
3.59 (6H. m). 3.13 (1H, m). 3.00 (1H. dd. J=13.8, 5.4 Hz), 2.78 (1H, m), 1.99 {3H, m). 

5 Example 14b: 1-(2-Phenyl-1-$ulfboxymethyl-ethylcarbamoyl)-piperidine-2-carboxyfic acid 3- 
(7-nltro-benzo[1 ,2,5]oxadiazol-4-ylamino)-propyi ester 




10 

At -70 °C, a methylene chloride solution (2 mL) of the alcohol 13b (10 mg, 0.019 mmol) was 
added triethylamine (0.05 mL) and chlorosulfonic acid (8 mg, 5 pi, 0.068 mmol). The cooling bath 
was then removed and the reaction mixture was allowed to warm to 25 °C over 3 h. All solvent was 
evaporated in vacuo. The residue was purified by column chromatography (10% MeOH in EtOAc) to 
15 give 5 mg (42% yield) of the title compound 14b. ^H NMR (CD3OD): 6 8.63 (1H. d, J=9 

Hz). 7.37-7.18 (5H, m), 6.49 (1H, d, J=9 Hz), 4.71-4.53 (2H. m), 4.33-4.15 (3H. m). 3.98 (1H, dd, 
J=12.6. 4.5 Hz). 3.84-3.71 (4H. m), 3.36-3.11 (2H, m), 2.85 (1H. td, J=12.6. 4.5 Hz). 
Alcohol 13a: 
Method A: 



20 




I triphosgen Ph^^/^s^OH 



-Ph 
-Ph 



To a methylene chloride solution (4 mL) of the pipecolate ester 6a (0.2 g, 0.528 mmol) and 
triethylamine (1 mL) vi/as added a methylene chloride solution (1 mL) of triphosgene (0.052 g, 0.176 

25 mmol). After 10 min, the solution was heated at reflux for 1 h, and was then cooled to 25 °C. A 
methylene chloride solution (1 mL) of D-phenylalaninol (0.0798 g, 0.528 mmol) was added. After 2 h, 
the reaction solution was diluted with Et20 (50 mL), washed with brine (2x70 mL), dried (Na2S04) 
and concentrated in vacuo. The residue was purified by flash column chromatography (20% EtOAc 
In hexanes) to afford 80 mg (27% yield) of the compound 13a. ''H NMR (CDCI3): 5 7.38-7.10 (15H, 

30 m), 4.96 (2H. m), 4.70 (1H, d, J=6.9 Hz). 4.01 (1H, m). 3.67 (1H. br d). 3.51 (1H, dd, J=10.8, 5.1 Hz). 
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3.25 (2H, brt). 3.04 (1H, td. J=12.3, 3.3 Hz). 2.84 (2H, m). 2.58 (4H, m). 2.18 (1H, br d. J=12.6 Hz); 
MS (ESP positive): 657 (M+H*); 555 (M-H); 

Method B : 

Silyl ether 17: 



Boc 



Ph 

Cl-Si- 



Boc 



NH Ph NH Ph 

Phv^A^OH imidazole Ph.,.,A^O-Si- 

Ph 



17 



10 To a DMF solution (7 mL) of (R)-(+)-2-(t-Boc)-amino-3-phenyl-1rpropanol (4.15 g, 16.5 

mmoi) was added Imidazole (2.24 g, 33 mmol) and t-butylchlorodiphenylsilane (5.15 mL, 19.8 mmol). 
After 15 h at 25 ''C, the mixture was diluted with ether (50 mL), washed with sat'd NH4CI solution 
(3x50 mL), dried (Na2S04) and concentrated in vacuo. The residue was purified by column 
chromatography (2-4% EtOAc in hexanes) to afford 9.19 g (100%) of the compound 17 as a white 

15 solid. MS(ESP): 512(M+Na*). 
Amine 7a 



Boc 



NH 



Ph 



17 



I 

Ph 



20 



CF3COOH 
CH2CI2 



NH2 Ph 



7a 



Ph 



To a methylene chloride solution (60 mL) of the silyl ether 17 (9.19 g, 16.5 mmol) at 0 °C was 
added trifluoroacetic acid (20 mL). The reaction solution was stirred at 0 °C for 1 h and was then 
warmed to 25 °C over 30 min. The mixture was concentrated in vacuo and was redissolved in 

25 methylene chloride (50 mL). The resulting solution was washed with safd NaHCOa solution (2x50 
mL), dried (Na2S04) and concentrated. The residue was purified by column chromatography 
(97.5/2.5/0.25 CH2Cl2/MeOH/NH40H) to give 5.97 g (78% yield) of the compound 7a as a light yellow 
oil. ''H NMR (CDCI3): 6 7.56 (4H, br d). 7.36-7.23 (6H, m), 7.20-7.13 (2H, m), 7.12-7.02 (3H, m). 3.52 
(1H, dd, J=9.9, 4.5 Hz), 3.43 (1H. dd, J=10.2, 6.3 Hz), 3.10-2.99 (1H, m). 2.71 (1H, dd, J=13,2, 4.8 

30 Hz), 2.41 (1H. dd, J=13.5. 8.4 Hz). 0.97 (9H. s); MS (ESP): 390 (M+H*). 
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Urea 12a: 




Ph 



triphosgen 



^ o ^ o4 0 



"Ph 



Ph 



Ph 



EtaN/CHzCIa 



NH Ph 

Ph 



12a 



To a methylene chloride solution (20 mL) of the amine 7a (3.44 g, 7.04 mmol) and 
triethylamine (2 mL) was added a methylene chloride solution (1 mL) of triphosgene (0.613 g, 2.07 
mmol). After 2 h. the solution was heated at reflux for 1.5 h, and was then cooled to 25 °C. A 
methylene chloride solution (40 mL) of the amine 6a (2.67 g, 7.04 mmol) (preparation of 6a 
described in Guo et al. in Intemational Publication No. WO 01/40183) was addedf A^er 15 h, the 
reaction solution was diluted with CH2CI2 (100 mL), washed with brine (2x80 mL), dried (Na2S04) and 
concentrated In vacuo. The residue was purified by flash column chromatography (5-20% EtOAc in 
hexanes) to afford 4.85 g (77% yield) of the compound 12a. ''H NMR (CDCI3): (mixture of two 
rotamers) 6 7.6-7.5 (4H, m), 7.39-7.23 (7H, m), 7.22-6.99 (14H, m), 5.00-4.80 (2H, m). 4.16 and 4.01 
(1H, m), 3.51 (3H. m), 3.30 (1H, m). 3.07-2.74 (4H, m), 2.55-2.43 (2H. m). 1.04 and 1.03 (9H, s); MS 
(ESP): 817 (M+Na*). 

Alcohol 13a: 



To a THF solution (30 mL) of the silyl ether 12a (4.83 g, 6.08 mmol) at 0 ''C was added 
hydrogen fluoride-pyridine (8 mL). After 30 min at 0 °C, the mixture was wamied to 25 °C over 1 h. 
All solvent was removed in vacuo. The residue was dissolved in methylene chloride (50 mL) and the 
solution was washed with Ice-cold HCl solution (2x40 mL), dried (Na2S04) and concentrated. Flash 
column chromatography purification provided 1.96 g (58% yield) of the compound 13a as a white 
solid. 




NH 



13a 
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Example 14a: 1-(2-Phenyl-1-sulfooxymethyl-ethylcarbamoyl)-piperidine-2S-carboxylic acid 4- 
phenyl-1-(3-phenyl-propyl)-butyl ester 



Prepared as described In the synthesis of 14b using the alcohol 13a (17 mg, 0.0306 mmol), 
chlorosulfonic acid (11 mg, 8 [s\, 0.011 mmol) and triethylamine (0.05 mL). The reaction mixture was 
diluted with EtOAc (20 mL) and washed with Ice-cold 5% HCI solution (1x20^ mL). Column 
chromatography (8% MeOH in EtOAc) afforded 12 mg (62% yield) of the title compound 14a, 
10 NI^R (CD3OD): 6 7.36-7.06 (15H, m), 6.65 (1H. d. J=7.8 Hz). 4.99 (1H. m). 4.11 (1H, h), 3.97 (2H, 
m), 3.74 (1H, m). 2.99 (1H, br t). 2.87 (2H, m), 2.60 (4H, m). 2.20 (1H, br d); MS (ESP negative): 635 
(M-H)'\ HRMS (FAB) calcfor C36H43N2O7S (IVI-H) 635.2791; found 635.2815. 

Phosphate Benzyl Ester 15a: 



To an acetonitrile solution (10 mL) of the alcohol 13a (73 mg, 0.131 mmol) and IH-tetrazole 
(15 mg, 0.21 mmol) was added dibenzyi N,N-diisopropylphosphoramidite (68 mg, 0.198 mmol) at 25 

20 **C. After 1 h, IVICPBA (102 mg, 70% pure, 0.4 mmol) was added to the suspension. The solution 
was diluted with ether (50 mL), washed with concentrated NaHSOa solution (2x30 mL). dried over 
MgS04 and concentrated in vacuo. The residue was purified by column chromatography (20-25% 
EtOAc in hexanes) to give 70 mg of the compound 15a in 65% yield. NMR (CDCI3): 6 7.40-7.07 
(25H, m). 5.67 (1H, d. J=7.8 Hz). 5,10-4.89 (6H, m), 4.14 (1H, m), 3.90 (2H, m). 3.53 (1H, br d). 3.09 

25 (1H. br t). 2.97 (1H, dd. J=13.2, 4.8 Hz), 2.69 (1H. dd, J=13.2, 9 Hz), 2.56 (4H. m), 2.18 (1H, br d). 



0^ O 
NH O 
Ph^^^^A^O-S-OH 
6 




14a 



5 



15 
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Example 16a: 1-(2-Phenyl-1-phosphonooxymethyl-ethylcarbamoyl)-piperidine-2S-carboxylic 
acid 4-phenyi-1-(3-phenyl-propyl)-butyl ester 




NH O 

5 

To a methanol solution of the phosphate benzyl ester 15a (50 mg, 0.061 mmol) was added 
palladium on carbon (10%. 6 mg). The suspension was kept under hydrogen (1 atm) for 5 h. After 
filtration, the filtrate was concentrated to dryness, affording 40 mg of the title compound 16a in 100% 
yield. NMR (CDCI3): 6 7.36-7.07 (15H, m). 5.02 (1H, m), 4.86 (1H, br d), 4.12 (1H, m), 3.92 (2H, 
10 m), 3.70 (1H, br d). 3.09-2.88 (2H, m), 2.83 (1H. dd. J=13.8, 7.8 Hz). 2.60 (4H. m). 2.18 (1H. br d); 
HRMS (MALDI) calc for C35H44N207PNa2 (M-HV2Na*) 681,2681; found 681.2691. 



Alcohol 13c: 



15 




H X ^ Et3N/CH2Cl2 Et3N/CH2Cl2 ^^^^ 



To a methylene chloride solution (10 mL) of the pipecolate ester 6c (0.5 g, 1.92 mmol, 
preparation described in International Publication No. WO 0140185) and triethylamine (2 mL) at -40 
was added a toluene solution (1.04 mL) of phosgene (20%, 0.208 g, 0.176 mmol). The solution 

20 was warmed to 25 °C over 1 h and was then added D-phenylalaninol (0.29 g, 1 .92 mmol). After 10 h, 
the reaction mixture was diluted with Et20 (100 mL), washed with 5% ice-cold HOI solution (1x50 mL) 
and brine (1x50 mL), dried (Na2S04) and concentrated in vacuo. The residue was purified by flash 
column chromatography (20% EtOAc In hexanes) to afford 100 mg (12% yield) of the compound 
13c. NMR (CDCI3): 6 7.31-7.03 (10H, m), 4.85 (IN. br d), 4.1-3.9 (2H, m), 3.64 (1H, dd. J=10.8. 

25 3.3 Hz), 3.50 (1H, dd. J=11.4, 5.7 Hz), 3.25 (IN, br d), 2.99 (1H, td. J=12.6. 3 Hz). 2.79 (2H, m), 2.56 
(2H. m). 
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Phosphate Benzyl Ester 15c: 




Prepared as described in the synthesis of 15a using the alcohol 13c (60 mg, 0.137 mmol), 
1H-tetrazole (19.2 mg, 0.274 mmol), dibenzyl N.N-diisopropylphosphoramidite (0.069 mL, 71 mg. 
0.205 mmol) and MCPBA (115 mg, 60% pure, 0.4 mmol). Preparative TLC purification (30% EtOAc 
in hexanes) provided 20 mg of the compound 15c in 21% yield. NMR (CDCI3): 0 7.43-7.1 (20H, 
10 m), 5.64 (1H. d. J=7.5 Hz). 5.1-5.0 (4H, m). 4.97 (1H, br d). 4.21-3.82 (5H, m), 3.54 (1H, br d), 3.09 
(1H, td, J=12.6, 3.3 Hz). 2.97 (1H. dd. J=13.5, 5.7 Hz), 2.70 (1H, dd, J=13.8, 9.6 Hz), 2.60 (2H, m), 
2.19 (1H. d, J=13.5 Hz). 



Example 16c: 1-(2-Phenyl-1-phosphonooxymethyl-6thylcarbamoyl)-plperldine-2S-carboxylic 
1 5 acid 4-phenyl-1 -butyl ester 




Prepared as described in the synthesis of 16a from phosphate benzyl ester 15c (20 mg, 
20 0.457 mmol). Ethanol instead of methanol was used as a reaction solvent. The title compound 16c 
was obtained in 88% yield (13 mg). ^H NMR (CD3OD): 6 7.26-6.99 (10H, m), 4.01 (3H, m), 3.83 (2H. 
m), 3.62 (1H, br d), 2.94-2.66 (3H. m). 2.53 (2H. m). 2.08 (1H. d, J=12.9 Hz); HRMS (MALDI) calc for 
C26H35N207PNa (M+Na*) 541.2080; found 541.2106. 
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Alcohol 13cl: 

NH2 ^K.^^O^P'' 

Et3N/CH,Cl. °=^^ 

f 13cl 

Prepared as described in the synthesis of 13c using pipecolate ester 6d (0.78 g, 3.56 mmol, 
5 preparation described in International Publication No. WO 0140185), triethylamine (2 mL), phosgene 
(20% in toluene, 2.4 mL, 4.45 mmol) and D-phenytalaninol (1.35 g, 8.9 mmol). Flash column 
chromatography purification (50% EtOAc in hexanes) to afford 60 mg (4.4% yield) of the compound 
13d. NMR (CDCI3): 6 7,31-7.16 (5H. m). 4.42 (1H. m). 4.06 (1H, dd, J=13.2, 4.8 Hz). 3.97-3.81 
(2H, m). 3.58 (1H, dd. J=12, 4.2 Hz), 3.39 (1H, dd, J=9.6, 3.6 Hz), 3.14 (2H, m), 2.75 (IN, td, J=13.8, 
10 3.9 Hz), 2.09 (1H, m), 1.91 (1H. m). 1.67 (1H, m); MS (ESP): 397 (M+H*). 




O Ph triphosgen 
Et3N/CH2Cl2 

6d 



Phosphate Benzyl Ester 15d: 




NH o 15d 

Ph\X\^0-P^O^" 
^OBn 

15 

Prepared as described In synthesis of 15a using the alcohol 13d (89 mg, 0.225 mmol), 1H- 
tetrazole (32 mg, 0.45 mmol), dibenzyl N,N-diisopropylphosphoramidlte (0.113 mL, 0.337 mmol) and 
MCPBA (136 mg, 60% pure, 0.45 mmol). Column chromatography purification (30% EtOAc in 
hexanes) provided 71 mg of the compound 15d in 48% yield. NMR (CDCI3): 6 7.31-7.06 (20H, 
20 m), 5.62 (1H, d. J=7.8 Hz), 5.11-4.92 (2H, m). 4.13 (1H. m), 3.99-3.79 (2H, m). 3.49 (1H, br d), 3.01 
(1H, td, J=12.3, 2.7 Hz), 2.89 (1H, dd, J=13.5, 5.4 Hz), 2.63 (1H, dd. J=13.8. 9.3 Hz), 2.15 (1H, br d, 
J=13.8 Hz); MS (ESP positive): 657 (M+H*), 679 (M+Na*). 
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Example 1 6cl : 1 -(2-Ph6nyi-1 -phosphonooxymethyl-ethylcarbamoyl)-piperidine-2-carboxy lie 
acid 



Prepared as described in the synthesis of 16a from phosphate benzyl ester 15d (48 mg, 
0.073 mmol). Ethanol instead of methanol was used as a reaction solvent. The benzyl ester of the 
carboxylate was also cleaved to carboxylic acid during the hydrogenatlon. After HPLC purification, 
the title compound 16d was obtained In 4% yield (1 mg). NMR (CD3OD): 6 7.46-7.11 (5H, m), 
10 4.71-4.45 (2H, m), 4,19 (1H. m), 3.93 (1H. dd, J=13.2, 4.8 Hz), 3.69 (1H. dd, J=12. 4.2 Hz). 3.26-3.0 
(2H, m). 2.79 (1H. td, J=13.2. 3.6 Hz). 2.00 (1H. m). 




18d 



5 
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Scheme 3 

Route I to Aminophosphate 21: 

NH2 BH3.THF NH2 ^g^CI 

17 O 18 
CBz 

MCPBA HN^ O H^/Pd-C ^ ^^^^ 

Route II to Aminophosphate 21 : — ( pP^n 

NHBoc BH3-THF NHBoc ^OBn ^^j^pBA 
Ar\>s.^OH " Arv.^>s^oH — ' 





tetrazole 



NHBoc BH3 
OH 

6 28 

NHBoc O ^„ Ho/Pd-C 1^"^°^ n 

1 Q_H.OBn H2/PdC^ Arv,>. g.OH CF3COOH Ar 

^OBn Eton 30 ^ 



^OH CH2CI2 




21 



R^SOgCI 



\ ^ 22 



O 

M^OH 



21 



21 




21 



21 



Na2C03 (aq) 

R^C(0)CI 

Na2C03 (aq) 
method I 

(R^C0)20 

Na2C03 (aq) 
method il 

TBSCI 




imidazole ^4 OTBS 



method 111 



The following is a list of the compounds prepared using the synthetic pathways outlined in 
Scheme 3, and then the detailed experimental procedures. 



PC19148A 



-43- 



Compounds Made Using Scheme 3 



23a R' = P^^^ 



23b R^- 



NH 

>3H 23c R^s 



PhSOg, 




23d R®s 
VOH 23e 
"OH 



to 



".OMe 



Me 



P 

NH 



25-1 R^a Ph 

25-2 R^B 

25-2" r'b 

O 

9 OH 25-3 R^= 2-naphthyl 

25^ R^= 

25^ R^ = 3,4-dichlorophenyl 



CI 



•a 



25-7 R'^ 

25-8 r' = 3-chloro-phenyl 
25-9 R^ B 3-pyridyl 
25-10 R^»1-naphthyl 



25-12 R^= 



CI 



; N 

H 



25-13 f^s 2-hydroxypheiiyl 

25-14 R^= 

25-15 R^ s isopropyl 

25-16 R^=t-biityl 

25-17 R^= cyclohexyl 

25-18 R^= 

25-19 R^B 

25-20 R^s 

25-21 R^ = 

25-22 R^= 

25-23 l^a 

25-24 R^a 

25-25 R^= 

25-40 R?«Me 



OH 



OH 



IMe 
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NH 



3lO 







R " 


25-28 




F, r' = 


25-29 




F,R' = 


25-30 


R"= 


F,R'= 


25-31 


R" = F.R^= 


25-32 


R"= 


F,R»= 


25-33 


R«= 


F.R»= 



Br 



25^4 R"=Me, R^= 



25^5 R^^= Me, R^= 



25-36 R^°= Me, R^:= 2-naphthyl 
25-37 R^°=Me,R^= 



OMe 



Br ^ 



OMe 




33 R**=H, R' = 

37 R^ = H,R' = 

45 R^'sR'sH 

58 R'^= Me, R' = Benzyl 



9 
NH 



S " -"OH 

25-26 R^= • 
25-27 R^= 2-naphthyl 

,0 



'A 




^OH 



25-38 R^ = 



25-39 R^= 2-naphthyl 



49 R^^= H, R^= 2-naphthyl 



54 R^^ = F,R^ = 



* S 



/ 

— N 




SO2 
I 



OH 
OH 



42 



Alcohol 19a 



HN 



/-OBn 



Ph> 



^OH 



19a 
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To a methylene chloride solution (80 mL) of D-phenylalanlnol 18a (1.16 g, 7.61 mmol) was 
added triethylamlne (1.59 mL, 11.4 mmol) and benzyl chloroformate (1.19 mL, 8.37 mmol). The 
mixture was stirred for 3 h and then concentrated. The residue was dissolved in methylene chloride 
(50 mL) and washed with brine (1x50 mL). The solution was dried (Na2S04) and concentrated. After 
5 column chromatography purification (10 to 30% EtOAc In hexanes), the compound 19a was obtained 
in 73% yield (1.59 g). NMR (CDCI3): 6 7.46-7.16 (10H, m), 5.11 (2H. s). 4.96 (1H, m), 3.98 (1H, 
m), 3.72 (1H, m), 3.63 (1H, m), 2.89 (1H, d, J=7.2 Hz); MS (ESP): 286 (M+H*); 284 (M-H)'. 

Alcohol 19b: 

10 

O 

T^OBn 

19b 

Prepared as described in the synthesis of the alcohol 19a using L-phenylalanlnol 18b (2.59 
g, 17.1 mmol), triethylamlne (2.6 g, 3.58 mL, 25.7 mmol) and benzyl chlorofomnate (2.69 mL, 18.8 
15 mmol). After column chromatography purification (20 to 40% EtOAc in hexanes), the compound 19b 
was obtained in 55% yield (2.61 g). NMR (CDCI3): 6 7.43-7.13 (10H, m). 5.09 (2H, s). 4.94 (1H, 
m), 3.95 (1H, m), 3.69 (1H, m), 3.58 (1H, m), 2.87 (1H, d, J=7.2 Hz); MS (ESP): 286 (M+H"); 284 (M- 
H)-. 



20 Phosphate Benzyl Ester 20a: 




20a 



To an acetonltrile solution (40 mL) of the alcohol 19a (1.58 g. 5.54 mmol) and IH-tetrazole 
25 (1,05 g, 15 mmol) was added dibenzyl N,N-diisopropylphosphoramidite (3.72 mL, 11.1 mmol) at 25 
°C. After 3 h, MCPBA (4.19 g, 70% pure, 13.85 mmol) was added to the suspension. The solution 
was diluted with EtOAc (100 mL), washed with concentrated NaHSOa solution (2x80 mL), dried over 
MgS04 and concentrated in vacuo. The residue was purified by column chromatography (10-30% 
EtOAc in hexanes) to give 2.88 g of the compound 20a in 95% yield. NMR (CDCI3): 6 7.47-7.05 
30 (20H. m). 5.19-4.96 (7H. m), 4.09-3.83 (3H. m). 2.93-2.67 (2H. m); MS (positive ESP): 568 (M+Na*); 
MS (negative ESP): 580 (M+CI)". 
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Phosphate Benzyl Ester 20b: 




20b 



5 Prepared as described in the synthesis of compound 20a using the alcohol 19a (2.61 g, 9.16 

mmol), 1H-tetrazole (1.73 g, 24.7 mmol), dibenzyl N.N-dlisopropylphosphoramidite (6.15 mL, 18.3 
mmol) and MCPBA (6.26 g, 77% pure, 27.5 mmol). Purification by column chromatography (15-30% 
EtOAc In hexanes) gave 4.1 g of the compound 20b In 82% yield. NMR (CDCb): 6 7.42-7.1 (20H, 
m), 5.16-5.0 (7H, m), 4.09-3.84 (3H, m), 2.9-2.69 (2H, m); MS (ESP): 546 (M+H"); 580 (M+CI)-. 

10 

Aminophosphate 21 a: 



NH2 •HCI 

OH 



21a 



15 To an ethanol solution of the phosphate benzyl ester 20a (2.88 g, 5.28 mmol) was added 

palladium on carbon (10%. 300 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 4 h, and was then filtered through a pad of celite. The collected solid was washed with methylene 
chloride. The mixture of the solid and celite was suspended in 5% HCI solution and stirred for 20 
min. After filtration, the filtrate was concentrated to dryness, affording 1 .2 g of the compound 21a in 

20 86% yield. ^H NMR (CD3OD): 6 7.49-7.25 (5H, m), 4.22-4.08 (1H, m). 4.0 (1H, m). 3.72 (1H. m), 
3.03 (2H, d, J=7.5 Hz); LCMS: 232 (M+H*); 230 (M-H)"; HRMS (MALDI) calc for C9H15NO4P (M+H*) 
232.0733; found 232.0736. 



25 Aminophosphate 21 b: 



NH2 -HCI 

Phx^^A^^ n^OH 21b 

O-RT 

OH 



30 Prepared as described in the synthesis of 21a using phosphate benzyl ester 20b (4.1 g, 7.5 

mmol) and palladium on carbon (10%, 410 mg). After filtration and evaporation, the compound 21b 
was obtained in quantitative yield (2.29 g). 'H NMR (CD3OD): 6 7.48-7.24 (5H, m). 4.14 (1H, m). 
3.98 (1H, m). 3.69 (1H. m), 3.00 (2H. d, J=7.4 Hz); LCMS: 232 (M+H*). 
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Example 23a: Phosphoric acid mono-[3-phenyl-2-(3-phenyl-ureido)-propyl] ester 




To a sodium carbonate solution (1 M, 1 mL) was added the aminophosphate 21a (53 mg, 
0.198 mmol) and phenylisocyanate (0.023 mL, 0.208 mmol). After 15 h, it was acidified to pH~1 by 
addition of concentrated HCI solution at 0 ^C. Preparative HPLC purification afforded 27 mg (42% 
yield) of the title compound 23a. ''H NMR (CD3OD): 5 7.36-7.17 (9H. m), 6.97 (1H, t, J=7.8 Hz), 4.19 
10 (1H, m), 3.98 (2H, m), 2.98 (1H. dd, J=13.9, 7.1 Hz), 2.88 (1H. dd. J=13.8, 7.7 Hz); HF?MS (IWALDI) 
calc for CieHigNzOfiPNa (M+Na*) 373.0924; found 373.0934. 

Example 23b: Phosphoric acid mono-{2-[3-(2-phenoxy-phenyi)-ureido]-3-phenyi-propyl} ester 




Prepared as described in the synthesis of 23a using 21a (82 mg, 0.307 mmol), 1-lsocyanato- 
2-phenoxybenzene (67.8 mg, 0.058 mL, 0.322 mmol) and 1 M sodium cartsonate solution (1 mL). 
Preparative HPLC purification gave 36 mg (27% yield) of the title compound 23b. ^H NMR (CD3OD): 
5 8.05 (1H, d, J=8.4 Hz), 7.36 (2H. t, J=8.1 Hz). 7.30-7.02 (7H, m). 7.02-6.91 (3H. m). 6.83 (1H. d, 
20 J=8.1 Hz), 4.18 (1H. m), 3.95 (2H, m). 2.95 (1H, dd, J=13.8, 6.9 Hz), 2.81 (1H, dd. J=13.8. 7.8 Hz); 
MS (ESP): 443 (M+H*). 465 (M+Na*); 441 (M-H)". 
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Example 23c: Phosphoric acid mono-{2-[3-(3-methoxy-5-methyl-phenyl)-ureido]-3-phenyl 
propyl} ester 




Prepared as described in the synthesis of 23a using 21a (62 mg. 0.232 mmol), 2-methoxy-5- 
methylphenylisocyanate (40 mg, 0.243 mmol) and 1 M sodium carbonate spiution (1 mL). 
Preparative HPLC purification gave 50 mg (55% yield) of the title compound 23c. ''H NMR (CD3OD): 
6 7.76 (1H, d. J=1.8 Hz). 7.33-7.27 (4H, m). 7.22 (1H, m), 6.81 (1H, d. J=8.1 Hz). 6.74 (1H, br d), 
10 4.19 (1H. m). 3.97 (2H. m). 2.98 (1H, dd, J=13.9, 7.0 Hz), 2.83 (1H, dd, J=14, 8.1 Hz); HRI^S 
(MALDI) calc for C18H24N2O6P (M+H*) 395.1372; found 395.1383. 

Example 23d: Phosphoric acid mono-{2-[3-(3,5-dlmethoxy-phenyl)-ureldo]-3-phenyl-propyl} 
ester 

15 

— O 




Prepared as described In the synthesis of 23a using 21a (71 mg, 0.265 mmol), 2,4- 
dimethoxy-phenylisocyanate (50 mg, 0.279 mmol) and 1 M sodium carbonate solution (1 mL). 
20 Preparative HPLC purification gave 29 mg (27% yield) of the title compound 23d. ^H NMR (CD3OD): 
6 7.76 (1H. d, J=9 Hz). 7.46-7.29 (5H. m). 6.66 (1H, d. J=2.6 Hz). 6.56 (1H, dd. J=9. 2.8 Hz), 4.30 
(1H, m), 4.08 (2H, m), 3.95 (3H, s). 3.88 (3H. s), 3.09 (1H. dd. J=13.8, 6.6 Hz), 2.96 (1H, dd. J=13.8. 
7.7 Hz); MS (ESP) 411 (M+H*). 433 (M+Na*); 409 (M-H)". 
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Example 23e: Phosphoric acid mono-(2-benzenesuifonylamino-3-phenyi-propyl) ester 




5 To a sodium carbonate solution (1 l\/l, 1 mL) was added the aminophosphate 21a (66 mg, 

0.246 mmol) and phenylsulfonyl chloride (0.047 mL, 0.369 mmol). After 15 h, It was acidified to 
pH-1 by addition of concentrated HCI solution at 0 °C. Preparative HPLC purification afforded 35 mg 
(38% yield) of the title compound 23e. NMR (CD3OD): 6 7.67(2H, d. J=7.5 Hz), 7.54 (1H, t. J=7.2 
Hz). 7.42 (1H. t, J=7.8 Hz), 7.21-7.11 (3H, m). 7.09-7.03 (2H. m), 3.95 (1H, m), 3.84 (1H, m), 3.61 

10 (1H, m), 2.94 (1H. dd, J=13.8. 6.6 Hz), 2.59 (1H, dd, J=13.5, 7.8 Hz); LCMS: 372;(M+H'), 394 
(M+Na*); 370 (M-H)'; HRMS (MALDI) calc for dsHisNOePSNa (M+Na*) 394.0485; found 394.0487. 



Example 25-1 : Phosphoric acid mono-{3-phenyi-2-[(1-phenyl-methanoyi)-amino]-propyl} ester 




To a sodium carbonate solution (1 M, 1 mL) was added the aminophosphate 21a (70 mg, 
0.262 mmol) and benzyol chloride (0.028 mL, 0.238 mmol). After 15 h, it was acidified to pH-1 by - 
addition of concentrated HCI solution at 0 °C. Preparative HPLC purification afforded 20 mg (23% 
20 yield) of the title compound 25-1. ^H NMR (CD3OD): 6 8.04 (1H, br d). 7.76 (2H, br d), 7.76 (2H, br 
d), 7.64-7.16 (9H, m), 4.52 (IN, m), 4.09 (2H, m), 3.08 (1H. dd, J=13.6, 6.8 Hz). 2.96 (1H, dd. 
J=13.5. 8.1 Hz); MS (ESP): 336 (M+H*); 334 (M-H)". 
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Example 25-2: Phosphoric acid mono-{(R)-2-[(1-benzo[b]thiophen-2-yl-methanoyi)-amino]-3' 
phenyi-propyl} ester 




Prepared as described in the synthesis of 25-1 using 21a (48 mg, 0.179 mmol), 
benzothiophene-2-carbonyl chloride (35 mg, 0.179 mmol) and 1 M sodium carbonate solution (1 mL). 
Preparative HPLC purification gave 34 mg (48% yield) of the title compound ^-2. NMR 

(CD3OD): Q 7.96 (1H, s). 7.90 (2H. m), 7.43 (2H. m), 7.37-7.17 (5H, m), 4.50 (1H, m), 4.10 (2H. m). 
10 3.09 (1H, dd, J=13.9, 6.6 Hz). 3.00 (1H, dd. J=13.9, 7.8 Hz); HRMS (MALDI) calc for 
CieHisNOsPSNa (M+Na*) 414.0540; found 414.0536. 

Exam pie 25-2': Phosphoric acid mono-(2-{[1 -(1 -oxo-benzo[b]thiophen-2-yi)-methanoy i]- 
amino}-3-phenyi-propyi) ester 

15 




To a trifluoroacetic acid solution (1 mL) of 25-2, 9 mg, 0.023 mmol) at 0 °C was added 30% 
hydrogen peroxide (0.0244 mL). The solution was concentrated in vacuo. The residue was purified 
20 by preparative HPLC to give 1 mg (10% yield) of the title compound 25-2'. ^H NMR (CD3OD): 6 8.01- 
7.93 (2H, m), 7.78-7.6 (3H, m), 7.36-7.26 (4H, m), 7.25-7.17 (1H, m), 4.44 (1H, m), 4.04 (2H. m), 
3.02 (2H. m); MS (ESP): 408 (M+H*). 430 (M+Na*). 
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Example 25-3: Phosphoric acid mono-{(R)-2-[(1-naphthalen-2-yl-methanoyl)-amino]-3-phenyl- 
propyl} ester 




Prepared as described in the synthesis of 25-1 using 21a (50 mg, 0.187 mmoi). 2-naphthoyl 
chloride (36 mg. 0.187 mmol) and 1 M sodium carbonate solution (1 mL). Preparative HPLC 
purification gave 29 mg (40% yield) of the title compound 25-3. NMR (CD30D):.6 8.32 (1H. s), 
8.1-7.88 (3H. m). 7.83 (1H, dd. J=8.4. 1.8 Hz). 7.64-7.53 (2H, m), 7.39-7.18 (5H, m), 4.57 (1H. m). 
10 4.12 (2H. m). 3.12 (1H. dd, J=13.7. 6.8 Hz). 3.02 (IN. dd, J=13.7. 8.1 Hz); LCIVIS (ESP): 386 (M+H"), 
408 (M+Na*): 384 (M-H)"; HRMS (MALDI) calc for C2oH2oN05PNa (M+Na*) 408.0971; found 
408.0986. 

Example 25-4: Phosphoric acid mono-[2-({1-[5-(3,5-dichloro-phenoxy)-furan-2.yl]-methanoyl}- 
1 5 amino)-3-phenyl-propyl] ester 




Prepared as described in the synthesis of 25-1 using 21a (76 mg, 0.284 mmol). 5-(3,5- 
20 dichlorophenoxy)-2-furoyl chloride (83 mg, 0.284 mmol) and 1 M sodium carbonate solution (1 mL). 
Preparative HPLC purification gave 46 mg (33% yield) of the title compound 25-4. NMR 

(CD3OD): 6 7.21 (1H, t, J=1.7 Hz), 7.17-7.03 (5H. m), 7.00 (2H, d. J=1.8 Hz). 6,99 (1H, d, J=3.6 Hz), 
5.79 (1H. d. J=3.9 Hz), 4.35 (1H, m). 3.92 (2H. m). 2.91 (IH, dd. J=13.6, 6 Hz), 2.78 (1H. dd. J=13.8, 
8.7 Hz); MS (ESP): 508 (M+Na^); 484 (M-H) . 

25 
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Example 25-5: Phosphoric acid mono-(2-{[1-(3,4-dichloro-phenyl)-methanoyq-amino}-3- 
phenyl-propyl) ester 




Prepared as described in the synthesis of 25-1 using 21a (56 mg, 0.209 mmol), 3,4- 
dichlorobenzoyl chloride (44 mg, 0.209 mmol) and 1 M sodium carbonate solution (1 mL). 
Preparative HPLC purification gave 20 mg (24% yield) of the title compound 25-5. NMR 

(CD3OD): 6 7.91 (1H, d, J=2.1 Hz), 7.68 (1H, dd, J=8.4. 1.8 Hz), 7.60 (1H, d, J=8.4 Hz), 7.35-7.16 
10 (5H, m), 4.50 1H, m), 4.08 (2H, m), 3.07 (1H, dd, J=13.9, 6.8 Hz), 2.94 (1H, dd, J=i3,9, 8.4 Hz); 
LCMS (ESP): 404 (M+H^). 426 (M+Na*); 402 (M-H)". 

Example 25-6: Phosphoric acid mono-(2-{[1-(5-chloro^methoxy-thlophen-3-yl)-methanoyl]- 
amlno}-3-phenyl-propyl) ester 

15 




Prepared as described in the synthesis of 25-1 using 21a (63 mg, 0.236 mmol), 2-chloro-3- 
methoxythiophene-4-carbonyl chloride (50 mg, 0.236 mmol) and 1 M sodium cariaonate solution (1 
20 mL). Preparative HPLC purification gave 37 mg (38% yield) of the title compound 25-6. ^H NMR 
(CD3OD): 6 7.86 (1H, s). 7.38-7.19 (5H, m), 4.51 (1H. m). 4.09 (2H, m). 3.93 (2H, m). 3.04 (2H, m); 
LCMS (ESP): 406 (M+H*), 428 (M+Na*); 404 (M-H)". 
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Example 25-7: Phosphoric acid inono-(2-{[1 -(5-methyl-2-phenyl-2H-[1 ,2,3]triazoi-4-yl)- 
methanoyl]-amino}-3-phenyl-propyl) ester 




Prepared as described in the synthesis of 25-1 using 21a (46 mg, 0.172 mmol). 4-methyl-2- 
phenyl-1,2,3-triazole-5-carbonyl chloride (38 mg, 0.172 mmol) and 1 M sodium carbonate solution (1 
mL). Preparative HPLC purification gave 36 mg (50% yield) of the title compound 25-7. NIVIR 
(CD3OD): 6 7.98 (1H. d, J=8.1 Hz), 7.43 (2H. brt), 7.31 (1H, brt), 7.25-7.04 (5H, m), 4.40 (1H, m), 
10 3.98 (2H, m). 2.96 (1H, dd, J=13.7. 6.8 Hz), 2.87 (1H. dd, J=13.9, 7.9 Hz); LCMS (ESP); 417 (M+H*). 
439 (IVI+Na*):415(M-H)". 

Example 25-8: Phosphoric acid mono-(2-{[1-(3-chloro-phenyl)-methanoyl]-amino}-3-phenyl- 
propyl) ester 

15 




Prepared as described in the synthesis of 25-1 using 21a (45 mg. 0.168 mmol), 3- 
chlorobenzoyl chloride (29 mg, 0.168 mmol) and 1 M sodium carbonate solution (1 mL). Preparative 
20 HPLC purification gave 5 mg (8% yield) of the title compound 25-8. ^H NMR (CD3OD): 5 7.64 (1H, 
s), 7.57 (1H, d, J=7.5 Hz), 7.39 (1H. d, J=9 Hz), 7.30 (1H. t, J=7.8 Hz), 7.23-7.01 (5H. m), 4.33 (1H, 
m). 3.91 (2H, m), 2.94 (1H, dd. J=13.5, 6.9 Hz). 2.83 (1H, dd. J=13.8, 8.1 Hz); LCIVIS (ESP): 392 
(IVI+Na*); 368 (M-H)-. 

25 Example 25-9: 
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Prepared as described in the synthesis of 25-1 using 21a (46 mg. 0.172 mmol), nicotinoyi 
chioride hydrochloride (31 mg. 0.172 mmol) and 1 M sodium carbonate solution (1 mL). Preparative 
HPLC purification gave 3 mg (2% yield) of the title compound 25-9. NMR (CD3OD): 6 8.89 <1H, 
s). 8.68 (1H, d, J=5.1 Hz). 8.36 (1H. dt, J=7.5, 1.8 Hz), 7.68 (1H. dd. J=7,8. 5.4 Hz), 7.22-7.05 (5H, 
5 m), 4.42 (1H, m), 3.98 (2H. m), 2.96 (1H, dd, J=13.5. 6.6 Hz), 2.85 (1H, dd. J=13.5, 8.1 Hz); LCMS 
(ESP): 337 (M+H*), 359 (M+Na*); 335 (IVI-H)'. 

Example 25-10: Phosphoric acid mono-{2-[(1-naphthalen-1-yl-methanoyl)-amino]-3-phenyi- 
propyl} ester 

10 




Prepared as described in the synthesis of 25-1 using 21a (62 mg, 0.232 mmol), 1-naphthoyl 
chloride (0.035 mL, 0.232 mmol) and 1 M sodium cartDonate solution (1 mL). Preparative HPLC 
15 purification gave 8 mg (9% yield) of the title compound 25-10. ^H NMR (CD3OD): 6 7.93 (1H, m), 
7.88 (1H, d. J=7.8 Hz). 7.77 (1H. d, J=8.4 Hz), 7.55-7.24 (9H, m). 4.70 (1H, m), 4.16 (2H, m), 3.14 
(1H. dd, J=14.1, 5.8 Hz). 2.91 (1H, dd, J=13.9. 9.4 Hz); LCMS (ESP): 408 (M+Na*). 430 (M- 
H+2Na*); 384 (M-H) . 

20 Example 25-11: Phosphoric acid mono-{3-phenyl-2-[(1-quinoxalin-2-yl-methanoyl)-amino]- 
propyl} ester 




25 Prepared as described in the synthesis of 25-1 using 21a (68 mg, 0.254 mmol). quinoxaloyi 

chloride (50 mg, 0.254 mmol) and 1 M sodium carbonate solution (1 mL). Preparative HPLC 
purification gave 17 mg (17% yield) of the title compound 25-11. ^H NMR (CD3OD): 6 9.44 (1H, s), 
8.24 (1H, m). 8.17 (1H. m), 8.01-7.90 (2H, m). 7.4-7.14 (5H. m). 4.62 (1H, m), 4.17 (2H. m), 3.10 
(2H, m); LCMS (ESP): 388 (M+H*). 410 (M+Na*); 386 (M-H)*. 



30 
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Example 25-12: 




25-12 



Prepared as described in the synthesis of 25-1 using 21a (63 nng, 0.236 mmol), 3-chloro- 
thiophene-2-carbonyl chloride (43 mg, 0.236 mmoi) and 1 M sodium carbonate solution (1 mL). 
5 Preparative HPLC purification gave 26 nng (30% yield) of the title compound 25-12. NMR 
(CD3OD): 6 7.67 (1H. d, J=5.1 Hz), 7.37-7.18 (5H, m). 7.05 (1H. d, J=5.4 Hz). 4.50 (1H, m), 4.09 (2H, 
m). 3.08 (1H, dd, J=13.9, 6.9 Hz). 2.99 (1H, dd, J=13.9. 8.5 Hz); HRMS (MALDI) calc for 
C14H16NO5PSCI (M+H*) 376.0175; found 376.0158. 

10 Example 25-13: Phosphoric acid mono-(2-{[1-(2-hydroxy-phenyl)-methanoyl]-amino}-3- 
phenyi-propyl) ester 




15 Prepared as described in the synthesis of 25-1 using 21a (187 mg, 0.699 mmol). 

acetylsalicyloyl chloride (139 mg, 0.699 mmol) and 1 M sodium cari^onate solution (2 mL). 
Preparative HPLC purification gave 25 mg (10% yield) of the title compound 25-13. ^H NMR 

(CD3OD): 6 7.79 (1H. dd. J=8.1. 1.8 Hz), 7.41-7.2 (7H, m), 6.89 (2H, m), 4.53 (1H, m), 4.08 (2H, m), 
3.07 (1H, dd, J=13.6, 6.8 Hz), 2.99 (1H, dd, J=13.6, 6.7 Hz); HRMS (MALDI) calc for dsHigNOeP 
20 (M+H') 352.0950; found 352.0960. 

Example 25-14: Phosphoric acid mono-{2-[(1-furan-2-yi-methanoyi)-amino]-3-phenyi-propyl} 
ester 



25 
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Prepared as described in the synthesis of 25-1 using 21a (85 mg. 0.318 mmol), 2-furoyl 
chloride (0.032 mL, 0.318 mmol) and 1 M sodium carbonate solution (1 mL). Preparative HPLC 
purification gave 86 mg (83% yield) of the title compound 25-14. NMR (CD3OD): Q 7.65 (1H, br 
d). 7.33-7.17 (5H. m). 7.08 (1H. d, J=3.6 Hz), 6.57 (1H, dd. J=3.3, 1,5 Hz), 4.48 (1H. m). 4.05 (2H, 
5 m). 3.05 (1H, dd. J=13.6. 6.4 Hz). 2.94 (1h, dd, J=13.6. 8.1 Hz); HRMS (MALDI) calc for CuHiyNOeP 
(M+H*) 326.0794; found 326.0801. 

Example 25-15: 

^OH 

10 To a sodium carbonate solution (1 M, 1 mL) was added the aminophosphate 21a (106 mg, 

0.397 mmol) and 2-methylpropanolc anhydride (0.16 mL, 153 mg. 0.966 mmol). After 15 h, it was 
acidified to pH-1 by addition of concentrated HCI solution at 0 °C. Preparative HPLC purification 
afforded 110 mg (92% yield) of the title compound 25-15. ^H NMR (CD3OD): Q 7.29-7.08 (5H, m), 
6,94 (1H, br d), 4.34 (1H, br s). 4.10 (1H, m), 3.96 (1H. m), 2.82 (2H. m), 2,41 (1H. heat. J=7.2 Hz). 

15 1.00 (3H. d. J=7 Hz). 0.97 (3H, d. J=7 Hz); LCMS (ESP): 302 (M+H*); 300 (M-H)". 

Example 25-16: Phosphoric acid mono-[(R)-2-(2,2-dimethyl-propanoylamino)-3-phenyl-propyll 
ester 

y=0 25-16 



20 




Prepared as described in the synthesis of 25-15 using 21a (110 mg. 0.412 mmol), 2.2- 
dimethylpropanoic anhydride (0.16 mL, 147 mg, 0.79 mmol) and 1 M sodium cartjonate solution (1 
mL). Preparative HPLC purification gave 130 mg (100% yield) of the title compound 25-16. ^H NMR 
25 (CD3OD): 6 7.32-7.11 (5H, m), 6.25 (1H. br d, J=8.7 Hz), 4.37 (1H, m). 4.13 (1H, m), 3.98 (1H, m), 
2.93 (1H, dd. J=14,1. 6.6 Hz). 2.80 (1H. dd. J=14.1. 8.5 Hz). 1.06 (9H. s); LCMS (ESP): 316 (M+H'); 
314 (M-H)". 



30 



Example 25-40: Phosphoric acid mono-(2-acetylamlno-3-phenyl-propyl) ester 
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25-40 



Prepared as described in the synthesis of 25-15 using 21a (120 mg. 0.45 mmol), acetic 
anhydride (0.1 mL, 108 mg. 1.0 mmol) and 1 M sodium carbonate solution (1 mL). Preparative 
5 HPLC purification gave 50 mg (40% yield) of the title compound 25-40. NMR (CD3OD): 5 7.64- 
7.30 (5H. m), 4.47 (1H. m). 4.16 {2H, m), 3.16 (1H, dd, J=14.1, 6.6 Hz), 2.99 (1H. dd, J=13.9, 8.7 
Hz). 2.10 (3H, s): LCMS (ESP): 274 (M+H*), 296 (IVI+Na"); 272 (M-H) . 

Example 25-17: Phosphoric acid mono-{2-[(1-cyclohexyl-methanoyl)-amino]-3-phenyl-propyl} 
10 ester 




To an ether solution (5 mL) of cyclohexanecarisoxyllc acid (250 mg, 1 .95 mmol) was added 
16 pyridine (0.5 mL) and cyclohexanecarbonyl chloride (286 mg. 0.261 mL, 1.95 mmol). After 10 h, the 
suspension was diluted with ether (20 mL), washed with ice-cold 5% HCI solution (1x50 mL) and 
concentrated NaHCOa solution (1x50 mL) and dried over Na2S04. All solvent was removed in vacuo 
to give 350 mg of cyclohexanecarboxylic anhydride as a coloriess oil. A portion of the 
cyclohexanecarboxylic anhydride (226 mg, 0.948 mmol) was added to a sodium carbonate solution 
20 (1 M, 2 mL) of the aminophosphate 21a (110 mg, 0.412 mmol). After 15 h, It was acidified to pH-1 
by 

addition of concentrated HCI solution at 0 °C. Preparative HPLC purification afforded 50 mg (36% 
yield) of the title compound 25-17. ^H NMR (CD3OD): 6 7.27-7.1 (5H, m), 6.67 (IN, br d). 4.34 (1H. 
br s), 4.08 (1H. m), 3.96 (1H, m). 2.90 (1H, dd. J=14.4, 6.6 Hz). 2.78 (1H, dd, J=14.9, 9 Hz). 2.10 
25 (1H, br t). 1.79-1.51 (5H, m), 1.33-1.02 (5H, m); LCMS (ESP): 342 (M+H*); 340 (M-H) . 



Example 25-18: 
propyl} ester 



Phosphoric acid mono-{2-[(1-1H-lndol-2-yl-methanoyl)-amino]-3-phenyl- 
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To a DMF solution (1mL) of the aminophosphate 21a (78 mg, 0.292 mmol) was added 
Imidazole (65 mg, 0.962 mmol) and t-butyldimethylchlorosilane (110 mg, 0.730 mmol). After 3.5 h, 
5 lndole-2-carboxyllc acid (49 mg, 0.307 mmol), EDC (70 mg, 0.365 mmol), DMAP (4- 
dlmethylaminopyridine) (7 mg, 0.058 mmol) were added to the reaction. The mixture was stirred for 
15 h and was acidified to plH-^l by addition of concentrated IHCI solution at 0 Preparative IHPLC 
purification afforded 1 mg (1% yield) of the title compound 25-18. NMR (CDaOD). 6 V.48 (1H. d, 
J=8.5 Hz), 7,30 (1H, d, J=8.4 Hz), 7.25-6.89 (7H, m). 4.36 (1H. m), 3.93 (2H, m), 2.92 (2H, m); 
10 LCMS (ESP): 373 (M-H)-. 

Example 25-19: Phosphoric acid mono-{2-[(1-benzofuran-2-yl-methanoyi)-amino]-3-phenyl- 
propyl} ester 



15 




Prepared as described in the synthesis of 25-18 using aminophosphate 21a (94 mg, 0.351 
mmol), Imidazole (79 mg, 1.16 mmol), t-butyldlmethylchlorosilane (132 mg, 0.878 mmol). 1- 
benzofuran-2-carboxylic acid (60 mg, 0.369 mmol), EDC (84 mg, 0.439 mmol) and DMAP (9 mg, 
20 0.07 mmol). Preparative HPLC purification gave 16 mg (12% yield) of the title compound 25-19. ^H 
NMR (CD3OD): C 7.59 (1H. d, J=7.8 Hz), 7.47 (1H, d, J=8.1 Hz), 7.39-7.29 (2H, m), 7.25-7.03 (6H, 
m), 4.43 (1H, m). 3.98 (2H. m), 2.96 (1H. dd, J=13.8. 6.2 Hz), 2.87 (1H, dd, J=13.8, 8.1 Hz); LCMS 
(ESP): 374 (M-H)". 

25 Example 25-20: Phosphoric acid mono-(2-{[1-(6-hydroxy-naphthalen-2-yl)-methanoyl]-amino}- 
3-phenyl-propyl) ester 
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Prepared as described in the synthesis of 25-18 using aminophosphate 21a (152 mg, 6.568 
mmol), imidazole (155 mg, 2.27 mmol), t-butyldimethylchlorosilane (214 mg, 1.42 mmol), 6- 
5 (acety!oxy)-2-naphthoic acid (131 mg, 0.569 mmol), EDO (136 mg, 0.71 mmol) and DMAP (14 mg, 
0.1 14 mmol). Preparative HPLC purification gave 25 mg (1 1 % yield) of the title compound 25-20. 
NMR (CD3OD): 6 8.21 (1H, s). 7.9-7.6 (4H, m), 7.4-7.05 (6H, m), 4.57 (1H, m), 4.12 (2H. m). 3.00 
(2H, m); LCMS: 400 (M-H)'. . ' 

10 Example 25-21: 




25-21 



Prepared as described in the synthesis of 25-18 using aminophosphate 21a (94 mg, 0.351 
mmol), imidazole (96 mg. 1.4 mmol), t-butyldimethylchlorosllane (132 mg, 0.878 mmol), 1-hydroxy-2- 
naphthoic acid (66 mg, 0.361 mmol), EDC (84 mg, 0.439 mmol) and DMAP (9 mg. 0.07 mmol). 
15 Preparative HPLC purification gave 7 mg (5% yield) of the title compound 25-21. ^H NMR (CD3OD): 
6 8.24 (1H, d. J=8.1 Hz). 7.70 (1H, d. J=7.8 Hz), 7.64 (1H. d, J=9 Hz), 7.49 (1H. t. J=7.2 Hz), 7.41 
(1H. d, J=8.1 Hz), 7.3-7.05 (6H, m). 4.50 (1H, m). 4.04 (2H. m), 2.98 (2H. m); HRMS (MALDI) calc 
for C20H21NO6P (M+H*) 402.1107; found 402.1099. 

20 Example 25-22: Phosphoric acid mono-(2-{[1-(3-hydroxy-naphthalen-2-yl)-methanoyl]-amlno)- 
3-phenyl-propyl) ester 




Prepared as described in the synthesis of 25-18 using aminophosphate 21a (98 mg, 0.366 
25 mmol), Imidazole (100 mg. 1.46 mmol). t-butyldimethylchlorosilane (138 mg, 0.915 mmol), 3-hydroxy- 
2-naphthoic acid (69 mg, 0.366 mmol), EDC (88 mg. 0.458 mmol) and DMAP (9 mg. 0.0732 mmol). 
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Preparative HPLC purification gave 2 mg (1% yield) of tlie title compound 25-22. NMR (CD3OD): 
6 8.31 (IH, s), 7.72 (1H. d. J=8.4 Hz). 7.55 (1H, d, J=8.7 Hz), 7.36 (1H, t, J=7.8 Hz). 7.28-7.02 (7H, 
m), 4.47 (IH, m). 4.00 (2H. m). 2.96 (2H, m); LCMS (ESP): 402 .(M+H*). 424 (M+Na*). 

5 Example 25-23: Phosphoric acid mono-{(R)-2-[(1H-benzoimidazoie-5-carbonyl)^mino]-3- 
phenyl-propyl} ester 



H 




10 Prepared as described in the synthesis of 25-18 using aminophosphate 21a (100 mg, 0.374 

mmol). imidazole (76 mg, 1.12 mmol), t-butyldimethylchlorosilane (141 mg, 0.935 mmol). 6- 
(acetyloxy)-2-naphtholc acid (72.7 mg, 0.449 mmol), EDC (86 mg. 0.449 mmol) and DMAP (10 mg, 
0.081 mmol). Before the acidification the reaction mixture was treated with 10% NaOH solution (1 
mL) for 10 h. Preparative HPLC purification gave 30 mg (21% yield) of the title compound 25-23. ^H 

15 NMR (CD3OD): 6 9.44 (1H, s), 8.23 (IH, s), 7.99 (IH. d. J=8.7 Hz), 7.87 (IH, d, J=8.7 Hz), 7.37-7.13 
(5H, m). 4.55 (1H, m). 4.13 (2H, m). 3.09 (IH. dd, J=13.5, 6.9 Hz), 2.99 (IH, dd, J=13.5. 8.1 Hz); 
LCMS (ESP): 376 (M+H*); 374 (M-H) . 

Example 25-24: Phosphoric acid mono-(2-{[1-(1-bromo-naphthaien-2-yl)-methanoyi]-amino}- 
20 3-phenyl-propyi) ester 




To a methylene chloride solution (2 mL) of 1-bromo-2-naphthoic acid (182 mg, 0.725 mmol) 
25 was added oxalyl chloride (0.19 mL, 2.18 mmol) and 2 drops of DMF. The mixture was stin-ed for 2 h 
and concentrated in vacuo. To the residue was added sodium carbonate solution (1 M, 2 mL), the 
aminophosphate 21a (194 mg, 0.726 mmol) and 1 mL of acetonitrile. After 15 h, it was acidified to 
pH-1 by addition of concentrated HCI solution at 0 ''C. Preparative HPLC purification afforded 103 
mg (31% yield) of the title compound 25-24. ^H NMR (CD3OD): 6 8.32 (IH, d, J=8.7 Hz), 7.92 (2H, 
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m). 7.65 (2H. m). 7.41-7.20 (6H. m). 4.60 (1H. m). 4.14 (2H. m), 3.12 (1H, dd. J=13.9, 6 Hz). 2.94 
(1H, dd, 13.8, 8.7 Hz); HRMS (MALDI) calc for C2oH2oN05PBr (M+H*) 464.0262; found 464,0271. 

Example 25-25: Phosphoric acid mono-(2-{[1 -(6-methoxy-naphthafen-2-yl)-methanoyl]- 
5 amino}-3-phenyl-propyl) ester 




Prepared as described in the synthesis of 25-24 using 6-methoxy-2-haphthoic acid (255 mg, 
10 1.26 mmol), oxalyl chloride (0.33 mL, 3.78 mmol), DMF (2 drops), sodium carbonate solution (1 M, 2 
mL) and the aminophosphate 21a (337 mg, 1.26 mmol). Preparative HPLC purification afforded 44 
mg (13% yield) of the title compound 25-25. ^H NMR (CD3OD): 6 8.24 (1H, s), 7.86 (1H, d, J=9.3 
Hz). 7.81 (2H. m), 7.41 (7H. m). 4.56 (1H, m), 4.13 (2H, m), 3.95 (3H. s). 3.11 (1H. dd. J=14.1. 7.2 
Hz). 3.01 (1H, dd, J=13.6, 8.5 Hz); LCMS (ESP): 414 (l\/l-H)'; Elemental Analysis for (C21H22NO6P 
15 O.25H2O) calc: C 60.07, H 5.40. N 3.34; found: C 59.66. H 6.33, N 3.74. 

Example 25-26: Phosphoric acid mono-{2-[(1-benzo[blthiophen-2-yl-methanoyl)-amino]-3- 
phenyl-propyl} ester 




To a sodium carbonate solution (1 M. 1 mL) was added the aminophosphate 21b (68 mg. 
0.254 mmol) and benzothiophene-2-carbonyl chloride (50 mg, 0.254 mmol). After 15 h. it was 
acidified to pH~1 by addition of concentrated HCI solution at 0 °C. Preparative HPLC purification 
25 afforded 20 mg (20% yield) of the title compound 25-26. ''H NMR (CD3OD): Q 7.99-7.86 (3H, m), 
7.53-7.15 (7H. m). 4.49 (1H. m), 4.10 (2H, m), 3.04 (2H, m); LCMS (ESP): 414 (M+Na*); 390 (M-H)" 

Example 25-27: Phosphoric acid mono-{2-[(1-naphthalen-2-yl-methanoyl)-amino]-3-phenyl- 
propyl} ester 
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Prepared as described in the synthesis of 25-26 using 21b (70 mg, 0.262 mmol), 2-naphthoy1 
chloride (50 mg, 0.262 mmol) and 1 M sodium carbonate solution (1 mL). Preparative HPLC 
purification gave 20 mg (20% yield) of the title compound 25-27. NMR (CD3OD): 6 8.32 (1H. s). 
8.08-7.78 (4H, m), 7.66-7.5 (2H, m), 7.39-7.17 (5H. m), 4.56 (1H, m), 4.11 (2H, m). 3.12 (1H, dd, 
J=13.7, 6.8 Hz). 3.02 (1H, dd. J=13.8. 7.7 Hz); LCMS (ESP): 386 (M+H"), 408 (M+Na*); 384 (M-H)'. 

Aminoalcohol 18c: 




To a THF solution (30 mL) of D-3-fiuorophenylalanlne (5 g, 27.3 mmol) at 0 was added 
borane In THF (1 M, 68.3 mL. 68.3 mmol). After 5 h at 25 °C, to the solution was added sat'd 
NaHCOa solution (10 mL), which was stirred for 15 h. The mixture was concentrated and extracted 
with methylene chloride (3x50 mL). Combined organic layers were dried (Na2S04) and concentrated. 
The residue was purified by column chromatography (CH2Cl2/MeOH/NH40H 95/5/0.5 to 90/10/1) to 
give 1.94 g (42% yield) of the compound 18c as a white solid. ^H NMR (CD3OD): 6 7.32-7.21 (1H. 
m). 7.00-6.98 (3H. m). 3.63 (1H, dd, J=11.1. 4.2 Hz). 3.38 (1H. dd. J=10.5, 6.9 Hz). 3.12 (1H, m), 
2.79 (1H, dd. J=13.5, 5.1 Hz), 2.54 (1H. dd, J=13.5, 8.4 Hz); LCMS (ESP): 170 (M+H*). 

Alcohol 19c: 



OBn 




19c 



To a methylene chloride solution (30 mL) of aminoalcohol 18c (1.94 g. 11.5 mmol) was 
added triethylamine (2.8 mL. 20 mmol) and benzyl chloroformate (2.05 mL, 14.3 mmol). The mixture 
was stirred for 1 5 h and then diluted with methylene chloride (50 mL). The solution was washed with 
brine (1x50 mL), dried (Na2S04) and concentrated. After column chromatography purification (20 to 
30% EtOAc in hexanes), the compound 19c was obtained in 64% yield (2.22 g). ^H NMR (CDCI3): Q 
7.4-7.19 (6H, m), 7.02-6.86 (3H. m). 5.08 (2H, s), 4.95 (1H, br s), 3.93 (1H, m), 3.69 
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(1H, dd, J=10.2, 3 Hz). 3.58 (1H. dd. J=11.4. 4.8 Hz), 2.87 (2H, d, J=7.5 Hz); LCMS (ESP): 326 
(M+Na*); Elemental Analysis for (C17H18FNO3) calc: C 67.31. H 5.98. N 4.62; found: C 67.31. H 5.98. 
N 4.62. 

5 

Phosphate Benzyl Ester 20c: 



pBn 




20c 



10 To an acetonltrile solution (40 mL) of the alcohol 19c (2.21 g, 7.29 mmol) and IH-tetrazole 

(1.37 g, 19.6 mmol) was added dibenzyl N,N-dlisopropylphosphoramidite (4.9 mL. 14.6 mmol) at 25 
°C. After 5 h, MCPBA (5.72 g, 77% pure, 25.5 mmol) was added to the suspension. The solution 
was diluted with methylene chloride (100 mL), washed with concentrated NaHSOa solution (2x80 
mL), dried over MgS04 and concentrated in vacuo. The residue was purified by column 

15 chromatography (16-30% EtOAc in hexanes) to give 4.39 g of the compound 20c in 100% yield. ^H 
NMR (CDCI3): 6 7.44-7.12 (16H. m). 6.96-6.76 (3H, m), 5.18-4.96 (7H. m). 4.04-3.78 (3H. m). 2.87- 
2.63 (2H, m). 
Aminophosphate 21 c: 

^^^^ NH2«CF3COOH 
pXAsJx_o..?^OH 21c 
20 "OH 

To an ethanol solution of the phosphate benzyl ester (20c, 4.37 g. 7.76 mmol) was added 
palladium on carbon (10%, 870 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 15 h and was then added 5% HCI solution (10 mL). The mixture was filtered through a pad of 
25 celite. The filtrate was concentrated to dryness, affording 2.30 g of a yellowish solid. Preparative 
HPLC purification gave 1.2 g (62% yield) of the compound 21c as a white solid. ^H NMR (CD3OD): 6 
7.45-7.35 (1H, m), 7.18-7.01 (3H, m), 4.10 (1H, m). 3.94 (1H. m), 3.70 (1H, m). 3.03 (2H, m); LCMS 
(ESP): 250 (M+H*); 248 (M-H) . 
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Example 25-28: Phosphoric acid mono-{3-(3-fluoro-phenyl)-2.[(1-naphthaien-2.yl-methanoyl)- 
amino]-propyl} ester 
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25-29 



To a sodium carbonate solution (1 M. 1 mL) was added the aminophosphate 21c (110 mg, 

0.385 mmol) and 2-naphthoyl chloride (110 mg, 0.578 mmol). After 15 h, it was acidified to pH'-l by 
5 addition of concentrated HCI solution at 0 Preparative HPLC purification afforded 160 mg (100% 
yield) of the title compound 25-28. NMR (CD3OD): 5 8.31 (1H, s), 8.0-7.88 (3H, m). 7.82 (1H, dd, 
J=8.7. 1.8 Hz), 7.58 (2H, m). 7.31 (1H. m), 7.14 (2H, m). 6.95 (1H, brtd), 4.59 (1H, m). 4.14 (2H, m). 
3.13 (1H, dd, J=13.8. 6 Hz). 3.02 (1H, dd, J=13.9. 8.7 Hz); HRMS (MALDI) calc for C20H20NO5PF 
(M+H*) 404.1063; found 404.1078. 

10 

Example 25-29: 




25-29 



Prepared as described in the synthesis of 25-28 using 21c (110 mg, 0.386 mmol). 1- 
15 benzothiophene-2-carbonyl chloride (114 mg, 0.578 mmol) and 1 M sodium carbonate solution (1 
mL). Preparative HPLC purification gave 145 mg (92% yield) of the title compound 25-29. ''h NMR 
(CD3OD): 6 7.95 (1H, s). 7.93-7.85 (2H. m), 7.4 (2H. m), 7.30 (1H. m). 7.2-7.04 (2H. m), 6.94 (1H. br 
td), 4.51 (1H, m). 4.2-4.0 (2H. m). 3.11 (1H, dd, J=13.9, 6.4 Hz), 3.01 (1H, dd, J=13.9. 8.3 Hz); 
HRMS (MALDI) calc for C18H18NO5PFS (M+H*) 410.0627; found 410.0639. 

20 

Example 25-30: Phosphoric acid mono-[(R)-2-(2,2-dimethyl-propanoylamino)-3-(3-fluoro- 
phenyl)-propyl] ester 




25 
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To a sodium carbonate solution (1 M, 1 mL) was added the aminopliosphate 21c (65 mg, 
0.228 mmol) and 2.2-dimethylpropanoic anhydride (0.08 mL. 0.392 mmol). After 15 h, it was 
acidified to pH-1 by addition of concentrated HCI solution at 0 °C. Preparative HPLC purification 
afforded 43 mg (57% yield) of the title compound 25-30. HMR (CD3OD): 6 7.19 (1H, m). 7.0-6.77 
5 (3H, m), 4.23 (1H, m). 3.89 (2H, m). 2.91 (1H. dd. J=13.8, 5.5 Hz). 2.74 (1H, dd, J=13.8, 9.2 Hz), 
1.00 (9H. s); HRIVIS (MALDI) calc for C14H22NO5PF (M+H*) 334.1220; found 334.1223. 

Example 25-31: Phosphoric acid mono-[(R)-2-{[1-(1-bromo-naphthalen-2-yl)-methanoyl]- 
amino}-3-(3-fluoro-phenyl)-propyl] ester 

10 




To a methylene chloride solution (3 mL) of 1-bromo-2-naphthoic acid (161 mg, 0.643 mmol) 
was added oxalyl chloride (0.168 mL, 1 .93 mmol) and 2 drops of DMF. The mixture was stinred for 2 

15 h and concentrated in vacuo. To the residue was added sodium carbonate solution (1 M, 2 mL), the 
aminophosphate 21c (80 mg. 0.28 mmol) and 1 mL of acetonitrile. After 15 h, It was acidified to 
pH-1 by addition of concentrated HCI solution at 0 "^C. Preparative HPLC purification afforded 70 mg 
(52% yield) of the title compound 25-31. ^H NMR (CD3OD): 5 8.22 (1H, d, J=8.7 Hz). 7.84 (1H, m). 
7.56 (2H. m), 7.27 (1H. m). 7.18 (1H. d, J=8.7 Hz). 7.09 (1H. d, J=7.8 Hz),7.03 (1H, m). 6.91 (1H. td. 

20 J=8.7, 3 Hz). 4.51 (1H, m), 4.04 (2H. m). 3.05 (1H, dd. J=14.1, 5.7 Hz), 2.84 (1H, dd, 14.1. 9.3 Hz); 
LCMS (ESP): 481 (M-H)"; Elemental Analysis for (CaoHisBrFNOsP) calc: C 49.81. H 3.76. N 2,90; 
found: C 49.63, H 3.73, N 2.92. 

Example 25-32: Phosphoric acid mono-((R)-3-(3-fluoro-phenyl)-2-{[1-(6-methoxy-naphthalen- 
25 2-yl)-methanoyl]-amino}-propyl) ester 




25-32 
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Prepared as described in the synthesis of 25-31 using 6-methoxy-2-naphtholc acid (143 mg, 
7.07 mmol). oxalyl chloride (0.185 mL. 2.12 mmol), DMF (2 drops), sodium carbonate solution (1 M, 
2 mL) and the aminophosphate 21c (88 mg, 0.353 mmol). Preparative HPLC purification afforded 50 
mg (39% yield) of the title compound 25-32. NMR (CD3OD): 6 8.25 (1H. s), 7.9-7.73 (3H, m), 
5 7.37-7.06 (5H, m), 6.95 (1H, t. J=8.1 Hz), 4.57 (1H, m), 4.12 (2H, m). 3.95 (3H, s). 3.13 (1H, dd, 
J=13.8. 6.6 Hz). 3.01 (1H, dd, J=14.3, 7.7 Hz); LCMS (ESP): 432 (M-H)"; Elemental Analysis for 
(C21H21FNO6P 0,25H2O) calc: C 57.60. H 4.95, N 3.20; found: C 57.58. H 4.97, N 3.27. 

Aminoalcohol 18d: 

10 




18d 



To a THF solution (10 mL) of D-3-methylphenylalanine (1 g, 5.58 mmol) at 0 °C was added 
borane in THF (1 M, 22.4 mL, 22.4 mmol). After 48 h at 25 °C, the solution was added sat*d 

15 NaHCOs solution (2 mL) and stirred for 3 h. The mixture was concentrated and extracted with 
methylene chloride (3x20 mL). Combined organic layers were dried (Na2S04) and concentrated. 
The residue was purified by column chromatography (CH2Cl2/MeOH/NH40H 95/5/0.5 to 90/10/1) to 
give 490 mg (53% yield) of the compound 18d as a white solid. ^H NMR (CD3OD): 6 7.20 (1H, t, 
J=7.8 Hz), 7.08-6.94 (3H. m), 3.63 (1H, dd. J=10.5, 3.9 Hz), 3.37 (1H. dd, J=10.5. 7.5 Hz), 3.11 (1H, 

20 m). 2.76 (1H. dd, J=13.5, 5.7 Hz), 2.49 (1H. dd. J=13.8. 8.4 Hz). 2.34 (3H, s); LCMS (ESP): 166 
(M+H*). 

Alcohol 19d: 



OBn 




19d 



25 

To a methylene chloride solution (5 mL) of aminoalcohol 18d (150 mg, 0.909 mmol) was 
added triethylamine (0.3 mL) and benzyl chloroformate (0.21 mL, 1.5 mmol). The mixture was stirred 
for 15 h and then diluted with methylene chloride (20 mL). The solution was washed with brine 
(1x20 mL). dried (Na2S04) and concentrated. After column chromatography purification (15 to 30% 
30 EtOAc in hexanes). the compound 19d was obtained In 63% yield (170 mg). ""H NMR (CDCI3): 6 
7.40-7.27 (5H, m), 7.18 (1H. t, J=7.8 Hz), 7.08-6.95 (3H, m). 5.09 (2H. s), 4.94 (1H, br s), 3.94 (1H, 
m), 3.69 (1H, br d), 3.58 (1H. dd, J=14.5, 5.4 Hz), 2.82 (2H, d. J=6.9 Hz), 2.32 (3H, s); LCMS (ESP): 
322 (M+Na*). 



35 Phosphate Benzyl Ester 20d 
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To an acetonitrile solution (8 mL) of the alcohol 19d (160 mg, 0.535 mmol) and 1H-tetrazole 
(101 mg, 1.44 mmol) was added dibenzyl N.N-dlisopropylphosphoramldite (0.36 mL, 1.07 mmol) at 

5 25 ''C. After 5 h. MCPBA (0.42 g, 77% pure, 1 .87 mmol) was added to the suspension. The solution 
was diluted with methylene chloride (35 mL), washed with concentrated NaHSOa solution (2x25 mL), 
dried over MgSO^ and concentrated In vacuo. The residue was purified by column chromatography 
(15-30% EtOAc in hexanes) to give 0,287 g of the compound 20d in 96% yield. NMR (CDCI3): 6 
7.39-7.2 (15H, m). 7.12 (1H. t. J=7.8 Hz), 7.01 (1H. d. J=7.8 Hz), 6.93 (2H. m). 5.14-4.98 (7H, m). 

10 4.05-3.82 (3H, m), 2.78 (1H. brdd), 2.69 (1H. dd, J=13.8, 7.8 Hz). 2.27 (3H. s). 



Aminophosphate 21 d: 



15 



20 



NHs^HCI 




21d 



To an ethanol solution of the phosphate benzyl ester 20d (0.287 g, 0.513 mmol) was added 
palladium on carbon (10%, 58 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 16 h and was then added 5% HCI solution (5 mL). The mixture was filtered through a pad of 
celite. The filtrate was concentrated to dryness, affording 134 mg (92% yield) of 21d a yellowish 
solid. ^H NMR (CD3OD): 5 7.26 (1H, t. J=7.5 Hz). 7.18-7.06 (3H. m). 4.12 (1H, br d), 3.99 (1H, m). 
3,68 (1H. m), 2.98 (2H. d. J=7.8 Hz), 2.36 (3H, s). 
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Example 25-33: Phosphoric acid inono-[(R)-2-{[1-(diethyiamino-oxo-2H-chromen-3-yl)- 
methanoyi]-amino}-3-(3-fluoro-phenyl)-propyl] ester 




To a sodium carbonate solution (1 M. 2 mL) was added the aminophosphate 21c (50 mg, 
0.176 mmol) and 7-dlethylaminocoumarin-3-carboxylic acid, succinimidyl ester (60 mg, 0.140 mmol). 
After 15 h, it was acidified to pH-l by addition of 1 HCI solution at 0 ''C. Preparative HPLC 
10 purification afforded 43 mg (57% yield) of tlie title compound 25-33. NMR (CD3OD): 6 8.69 (1H. 
s), 7.54 (1H, d. J=9.04 Hz), 7.31 (1H, dd, J=14.12. 7.91 Hz), 7.12 (2H. dd. J=17.33. 9.80 Hz), 6.94 
(1H. t. J=8.86 Hz), 6.83 (1H. dd. J=9.04. 2.44 Hz), 6.95 (1H. d, J=2.26 Hz), 4.50 (1H. m), 4.07 (2H, t, 
J=4.71 Hz). 3.54 (4H. m). 3.14-2.92 (2H, m). 1,25 (6H. t, J=7.16 Hz); HRIVIS (MALDI) cafe for 
C23H26FN2O7PH (M+H*) 493.1549; found 493.1540. 

15 

Example 25-34: Phosphoric acid mono-((R)-2-{[1-(1-bromo-naphthalen-2-yl)-methanoyll- 
am!no}-3-m-tolyl-propyl) ester 




To a methylene chloride solution (3 mL) of 1-bromo-2-naphthoic acid (123 mg, 0.49 mmol) 
was added oxalyl chloride (0.128 mL. 1.47 mmol) and 2 drops of DMF. The mixture was stirred for 
3.5 h and concentrated in vacuo. To the residue was added sodium carbonate solution (1 M, 2 mL), 
the aminophosphate 21d (69 mg. 0.245 mmol) and 2 mL of acetonitrile. After 15 h, it was acidified to 
25 pH-1 by addition of concentrated HCI solution at 0 °C. Preparative HPLC purification afforded 32 mg 
(27% yield) of the title compound 25-34. ^H NMR (CD3OD): 6 8.22 (1H, d, J=8.4 Hz). 7.82 (2H. m), 
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7.7.6-7.46 (2H, m), 7.2-6.9 (5H. m), 4.48 (1H. m). 4.03 (2H. m), 2.98 (1H. dd. J=13.9, 6.2 Hz), 2.80 
(1H, dd, J=13.9, 8.7 Hz), 2.26 (3H. s); HRMS (MALDI) calc for CziHzaNOsPBr (M+H*) 478.0419; 
found 478.0438. 

6 Example 25-35: Phosphoric acid mono-((R)-2^[1-(6-methoxy-naphthalen-2-yl)-methanoyl]- 
amino}-3-m-tolyl-propyl) ester 




10 Prepared as described in the synthesis of 25-32 using 6-methoxy-2-naphthoic acid (99 mg, 

0.49 mmol), oxalyl chloride (0.128 mL. 1.47 mmol), DIVIF (2 drops), sodium carbonate solution (1 M, 
2 mL) and the aminophosphate 21d (69 mg, 0.245 mmol). Preparative HPLC purification afforded 76 
mg (51% yield) of the title compound 25-35, ^H NIVIR (CD3OD): 5 8.24 (1H, s). 7.86 (1H, d, J=8.7 
Hz). 7.82 (2H. m), 7.30 (1H, d. J=2.4 Hz). 7.24-7.09 (4H. m), 7.03 (1H. d. J=7.5 Hz), 4.53 (1H. m). 

15 4.10 (2H. m). 3.95 (3H, s). 3.06 (1H, dd, J=13.9. 6.8 Hz). 2.96 (1H, dd. J=14. 8.3 Hz). 2.31 (3H. s); 
HRMS (MALDI) calc for C22H25NO6P (M+H*) 430.1420; found 430.1436. 

Alcohol 26a: 




To a sodium carbonate solution (1 M, 2 mL) was added acetonitrile (1 mL), the aminoalcohol 
18d (180 mg. 1 .09 mmol) and 2-naphthoyl chloride (250 mg, 1 .31 mmol). After 10 h, the mixture was 
extracted with methylene chloride (2x20 mL). Combined organic layers were dried 
25 (MgS04) and concentrated. The residue was purified by column chromatography (40% EtOAc in 
hexanes) to afford 350 mg (100% yield) of the compound 26a. ''H NMR (CD3OD): 5 8.07 (1H. s), 
7.82-7.73 (3H. m), 7.65 (IN, dd. J=9, 1.5 Hz). 7.54-7.41 (2H. m). 7.16 (1H. t, J=7.2 Hz), 7.08-6.97 
(3H, m), 6.46 (1H, br d. J=7.2 Hz). 4.33 (1H. m), 3.77 (1H. dd, J=11.1, 3.3 Hz), 3.68 (1H. dd, J=11.1. 
5.1 Hz), 2.93 (2H. d, J=7.2 Hz), 2.27 (3H. s). 
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Alcohol 26b: 




5 Prepared as described in the synthesis of the alcohoi 26a using the aminoalcohol 18d (131 

mg. 0.794 mmol), 1-benzothiophene-2-carbonyl chloride (195 mg, 0.992 mmol) in a co-solvent of 
sodium carbonate solution (1 M, 1.5 mL) and acetonitrile (1.5 mL). Purification by column 
chromatography (50% EtOAc in hexanes) afforded 230 mg (89% yield) of the compound 26b. 
NMR (CD3OD): 6 7.96-7.81 (3H. m), 7.50-7.36 (2H, m). 7.21-7.04 (3H, m). 7.01 (1H, d, J=7.5 Hz). 
10 4.32 (1H, m), 3.67 (1H, d, J=5.4 Hz), 3.00 (1H, dd, J=13.1, 6.6 Hz). 2.87 (1H, dd, J=13.1. 8.7 Hz), 
2.29 (3H. s); LCMS (ESP); 326 (M+H*). 348 (M+Na*); 324 (M-H)". 

Phosphate Benzyl Ester 27a: 



15 




To an acetonitrile solution (10 mL) of the alcohol 26a (348 mg, 1.09 mmol) and IH-tetrazole 
(191 mg, 2.728 mmol) was added dibenzyl N.N-diisopropylphosphoramidite (0.92 mL, 941 mg, 2.728 
mmol) at 25 °C. After 5 h, MCPBA (0.938 g, 60% pure, 3.27 mmol) was added to the suspension. 

20 The solution was diluted with methylene chloride (35 mL), washed with concentrated NaHSOa 
solution (2x26 mL), dried over MgS04 and concentrated in vacuo. The residue was purified by 
column chromatography (30% EtOAc in hexanes) to give 0.400 g of the compound 27a in 63% yield. 
^H NMR (CDCI3): 6 8.34 (1H, s), 7.95-7.82 {3H. m), 7.55 (2H, m), 7.41-7.28 (11H, m). 7.17 (1H, t, 
J=7.5 Hz), 7.10-6.99 (3H, m), 5.15-4.97 (5H, m), 4.50 (1H. m), 4.17-3.96 (2H, m), 3.04 (1H, dd, 

25 J=13.5, 6.4 Hz). 2.81 (1H, dd, J=13.5, 9 Hz). 2.31 (3H. s). 
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Phosphate Benzyl Ester 27b: 




5 Prepared as described in the synthesis of compound 27a using the alcohol 26b (221 mg, 

0.68 mmol), 1H-tetrazole (129 mg, 1.84 mmol), dibenzyi N. N-diisopropylphosphoramidite (0.46 mL. 
1.36 mmol) and MCPBA (0.633 g, 77% pure. 2.38 mmol). Purification by column chromatography 
(30% EtOAc In hexanes) gave 0.60 g of the compound 27b in 100% yield. NMR (CDCI3): 6 7.89- 
7.78 (3H, m), 7.5-7.29 (13H. m), 7.16 (1H. t, J=7,8 Hz), 7.08-6.95 (3H. m). 5.16-4.97 (4H. m), 4.41 

10 (1H. m), 4.04 (2H. m), 3.05 (1H, dd. J=13.5. 5.4 Hz). 2.77 (1H. dd, J=13.5. 9.6 Hz). 2.31;(3H, s). 

Example 25-36: Phosphoric acid mono-{2-[(1-naphthalen-2-yl-methanoyl)-amlno]-3-m-toiyl- 
propyl} ester 



15 




To an ethanol solution of the phosphate benzyl ester 27a (0.35 g, 0.604 mmol) was added 
palladium on carbon (10%, 35 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 15 h and was then filtered through a pad of cellte. All solvent was removed in vacuo. The 
20 residue was purified by preparative HPLC to give 45 mg (19% yield) of the title compound 25-36. ^H 
NMR (CD3OD): 6 8.21 (1H, s), 7.9-7.76 (3H, m), 7.72 (1H, dd, J=8.4, 1.8 Hz), 7.48 (2H, m). 7.13-7.0 
(3H, m). 6.93 (1H, d, J=6.9 Hz). 4.45 (1H. m), 4.03 (2H. m), 2.97 (1H, dd, J=13.7, 6.8 Hz). 2.87 (1H. 
dd. J=13.5. 8.1 Hz); HRMS (MALDI) calc for C21H23NO5P (M+H*) 400.1314; found 400.1314. 
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Exampie 25-37: Phosphoric acid mono-{2-[(1-benzo[b]thiophen-2-yl-methanoyl)-amino]-3-m 
tolyl-propyl} ester 




5 Prepared as described in the synthesis of 25-36 using the phosphate benzyl ester (27b, 

0.398 g, 0.68 mmol) was added palladium on carbon (10%, 100 mg). The suspension was kept 
under hydrogen atmosphere (1 atm) for 72 h and was then filtered through a pad of celite. All solvent 
was removed in vacuo. The residue was purified by preparative HPLC to give 120 mg (44% yield) of 
the title compound 25-37. ""H NMR (CD3OD): 6 8.0-7.8 (3H, m), 7.44 (2H. m), 7.23-7.0 (4H. m), 4.47 

10 (1H, m). 4.09 (2H. m). 3.04 (1H, dd, J=13.8. 6.8 Hz), 2.95 (1H, dd. J=14.1, 7.7 Hz). 2.30 (3H, s); 
LCMS (ESP): 404 (M-H)'; Elemental Analysis for (C19H20NO5PS) calc: C 56.29, H 4.97, N 3.46; 
found: C 66.03. H 4.94, N 3.39. 



Alcohol 28: 



15 




NHBoc 
OH 



BH3 in THF 




NHBoc 
_ OH 

28 



To a THF solution (10 mL) of Boc-D-Ala (3-pyridyl)-0H (4.39 g, 16.5 mmol) at 0 ^'C was 
added borane in THF (1 M. 40 mL, 40 mmol). After 20 h at 25 "^C, saturated NaHCOa solution (5 mL) 

20 was added to the solution and stirred for 3 h. The mixture was concentrated and extracted with 
methylene chloride (3x50 mL). Combined organic layers were dried (Na2S04) and concentrated. 
The residue was purified by column chromatography (50% to 100% EtOAc in hexanes) to give 1.51 g 
(36% yield) of the compound 28 as a white solid. ^H NMR (CDCI3): 6 8.47 (2H. s), 7.84 (1H, d. J=7.8 
Hz). 7.44 (1H, dd, J=7.8, 5.7 Hz). 4.82 (1H, m), 3.87 (1H, m), 3.72 (1H, dd. J=10.5, 3.6 Hz), 3.62 (1H, 

25 dd. J=10.5, 4.2 Hz), 2.95 (2H. m). 1.39 (9H. m); LCMS (ESP): 253 (M+H*). 275 (M+Na*); HRMS 
(MALDI) calc for C13H21N2O3 (M+H*) 253.1552; found 253.1564. 

Phosphate Benzyl Ester 29: 



fi^ 71 NHBoc Q 



30 29 



PC19148A 



-73- 

To an acetonitrile solution (15 mL) of the alcohol 28 (997 mg, 3.96 mmol) and 1H-tetrazole 
(1 .1 1 g, 15.8 mmol) was added dibenzyl N.N-dllsopropylphosphoramidite (2.66 mL, 7.91 mmol) at 25 
"C. After 3 h, MCPBA (2.67 g, 77% pure, 11.9 mmol) was added to the suspension. The solution 
was diluted with methylene chloride (60 mL), washed with concentrated NaHSOa solution (2x25 mL), 
5 dried over MgS04 and concentrated in vacuo. The residue was purified by column chromatography 
(50% to 100% EtOAc in hexanes) to give 0.481 g of the compound 29 In 24% yield. NMR 
(CDCI3): 5 8.46 (1H. br d), 8.39 (1H, br s). 7.48 (1H, d. J=6.6 Hz), 7.36 (11H. m). 6.06 (4H. m), 4.81 
(1H, m). 4.0-3.80 (2H. m), 2.72 {2H, d. J=6.3 Hz). 1.37 (9H. s); LCMS (ESP): 513 (M+H*): 535 
(M+Na*). 

10 

Example 30: (1-Phosphonooxymethyl-2-pyridin-3-yl-ethyl)-carbamic acid tert-butyl ester 

NHBoc 

^ ^^OH 

15 To an ethanol solution (3 mL) of the benzyl ester 29 (48 mg, 0.094 mmol) was added 

palladium on carbon (10%, 15 mg). The suspension was kept- under hydrogen atmosphere (1 atm) 
for 15 h. After filtration, the filtrate was concentrated to dryness affording 36 mg (100% yield) of the 
title compound 30 . ^H NMR (CD3OD): 6 8.58 (1H, s), 8.49 (1H, br d), 8.19 (1H, d. J=7.5 Hz). 7.69 
(1H, brt), 3.87 (1H, m). 3.79 (2H, m). 3.06 (1H, dd. J=13.9, 5.3 Hz), 2.82 (1H. dd, J=13.8. 8.6 Hz). 

20 1 .23 (9H, s); HRMS (MALDI) calc for Ci3H22N20eP (M+H*) 333.1216; found 333.1218. 

Aminophosphate 21 e: 

tfHBoc CF3COOH o NH2 ^ 

23 ^ ^OBn CH2CI2 3^ ^ ''"^oBn EtOH jle OH 

25 

To a methylene chloride solution (2.5 mL) of the benzyl ester 29 (278 mg, 0.543 mmol) at 0 
°C was added trifluoroacetic acid (0.75 mL). After 45 min, the solution was concentrated in vacuo to 
give 385 mg of amine 31 as a colorless oil. The crude amine 31 was dissolved in ethanol (5 mL) 
and added palladium on carbon (10%, 75 mg). The suspension was kept under hydrogen 
30 atmosphere (1 atm) for 48 h. After filtering, the filtrate was concentrated to dryness affording the 
compound 21e as a solid (225 mg, 100%). ^H NMR (CD3OD): 6 8.68 (1H. br s), 8.27 (1H, br s), 7.48 
(1H, m). 7.25 (1H, m). 4.83 (1H. d), 4.0-3.6 (2H, m), 3.26-3.01 (2H, m); LCMS (ESP): 233 (M+H"), 
465(2M+H*): 231 (M-H)'. 
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Example 25-38: Phosphoric acid mono-{2-[(1-benzo[b]thiophen-2-yl-methanoyl)-amino]-3' 
pyridfn-3-yl-propyi} estar 




To a sodium carbonate solution (1 M, 1 mL) was added the aminophosphate 21e (110 mg, 
0.474 mmol), 1-benzothlophene-2-carbonyl chloride (93 mg, 0.474 mmol). After 15 h, it was acidified 
to pH'-l by addition of concentrated HCI solution at 0 °C. Preparative HPLC purification afforded 25 
mg (14% yield) of the title compound 25-38. NMR (CD3OD): 6 8.83 (1H, s), 8.71-8.63 (1H, m), 
10 8.68-8.46 (10H. m), 8.02-7.83 (4H, m). 7.44 (2H, m), 4.60 (1H, m), 4.17 (2H, m). 3.42-3.13 (2H, m); 
HRMS (MALDI) calc for C17H18N2O5PS (M+H*) 393.0674; found 393.0681 . 



15 



Example 25-39: Phosphoric acid mono-{2-[(1-naphthalen-2-yl-methanoyl)-amino]-3-pyridin-3- 
yl-propyl} ester 



,0 25-39 




OH 
OH 



Prepared as described in the synthesis of 25-34 using 21e (97 mg, 0.418 mmol), 2-naphthoyl 
chloride (80 mg, 0.418 mmol) and 1 M sodium carbonate solution (2 mL). Preparative HPLC 
20 purification gave 25 mg (16% yield) of the title compound 25-39. ""H NMR (CD3OD): 5 8.85 (1H. s), 
8.70 (1H, m), 8,58 (1H, d. J=8.4 Hz), 8.323 (1H. s), 8.0-7.85 (4H. m). 7.79 (1H, dd, J=8.4, 1.8 Hz). 
7.58 (2H, m). 4.71 (1H, m), 4.22 (2H. m). 3.40 (1H. dd, J=14.0. 5.3 Hz). 3.22 (1H, dd. J=14.3. 9.6 
Hz); HRMS (MALDI) calc for C19H20N2O5P (M+H*) 387.1 110; found 387.1 1 17. 
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Example 33: Phosphoric acid mono-{(R)-3-cyclohexyl-2-[(1.naphthalen-2-yl-methanoyl)- 
amino]-propyl} ester 




5 To an aminophosphate 21a (540 mg. 2.02 mmol) solution in acetic acid (70% aqueous 

solution, 7 mL) was added 5% rhodium on alumina (306 mg). The suspension was l<ept under 
hydrogen atmosphere (60 psi) for 15 h. After filtration, the filtrate was concentrated to dryness to 
give 500 mg of compound 32. A portion of 32 (96 mg, 0.416 mmol) was dissolved In 1 M sodium 
carbonate solution (2 mL). 2-Naphthoyl chloride (79 mg, 0.416 mmol) was added to the solution. 

10 After 15 h, it was acidified to pH-1 by addition of concentrated HCI solution at 0 **C. Preparative 
HPLC purification afforded 4 mg (2% yield) of the title compound 33. NMR (CD3OD): 6 8.40 (1H, 
s), 8.09-7.87 (4H, m), 7.60 (2H. m). 4.48 (1H. m), 4.06 (2H. m). 1.93 (1H, m); LCMS (ESP): 390 (M- 
H)-. 

15 Aminoalcohol 34: 




To a THF solution (30 mL) of D-homophenylalanine (5 g, 27.9 mmol) at 0 "^C was added 
20 borane in THF (1 M. 55.8 mL, 55.8 mmol). After 48 h at 25 °C, saturated NaHCOa solution (5 mL) 
was added to the solution and stirred for 4 h. The mixture was concentrated and extracted with 
methylene chloride (3x50 mL). Combined organic layers were dried (Na2S04) and concentrated. 
The residue was purified by column chromatography (CH2Cl2/MeOH/NH40H 95/5/0.5) to give 1.2 g 
(26% yield) of the compound 34 as a yellowish oil. NMR (CDCI3): 6 7.39-7.13 (5H, m), 4.01 (1H, 
25 dd, 



J=11.4, 3.6 Hz), 3.69 (1H, dd. J=11.7. 6.3 Hz), 2.94 (1H. m). 2.71 (2H, t. J=7.8 Hz), 2.09 (1H. m), 
1.89 (1H, m); LCMS (ESP): 166 (M+H*). 
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Alcohol 35: 




To a sodium carbonate solution (1 M, 2 mL) was added acetonitrile (2 mL), the aminoalcohol 
5 34 (300 mg, 1.82 mmol) and 2-naphthoyl chloride (347 mg, 1.82 mmol). After 10 h. the mixture was 
extracted with methylene chloride (3x20 mL). The combined organic layers were dried (MgS04) and 
concentrated. The residue was purified by column chromatography (50% EtOAc in hexanes) to 
afford 220 mg (38% yield) of the compound 35. NMR (CDCI3): 5 8.16 (1H. s), 7.93-7.82 (3H. m), 
7.74 (1H, dd. J=8.1, 1.8 Hz). 7.55 (2H. m). 7.34-7.15 (5H, m), 6.40 (1H, d. J=7.2 Hz), 4.29 (1H, m), 
10 3.87 (1H. dd. J=11.1, 3.9 Hz). 3.78 (1H, dd. J=10.8. 5.1 Hz). 2.81 (2H, t. J=7.6 Hz). 2.11-2.0 (2H, m); 
LCMS (ESP): 342 (M+Na*); 318 (M-H)"; Elemental Analysis for (C21H21NO2) calc: C 78.97. H 6.63, N 
4.39; found: C 79.07, H 6.62, N 4.20. 

Phosphate Benzyl Ester 36: 

16 



To an acetonitrile solution (6 mL) of the alcohol 35 (206 mg, 0.646 mmol) and IH-tetrazole 
(122 mg, 1.74 mmol) was added dibenzyl N,N-diisopropylphosphoramidite (0.433 mL, 1.29 mmol) at 

20 25 °C. After 5 h, MCPBA (0.3 g, 77% pure, 2.26 mmol) was added to the suspension. The solution 
was diluted with methylene chloride (35 mL), washed with concentrated NaHS03 solution (2x25 mL), 
dried over MgS04 and concentrated in vacuo. The residue was purified by column chromatography 
(30% EtOAc in hexanes) to give 0.31 1 g of the compound 36 in 83% yield. ^H NMR (CDCI3): 6 8.28 
(1H, s), 7.95-7.78 (4H, m), 7.55 (2H, m), 7.37-7.13 (16H, m), 6.92 (1H, d. J=8.1 Hz). 5.11-4.93 (4H. 

25 m). 4.41 (1H, m), 4.21-4.07 (1H. m). 2.72 (2H, t. J=7.8 Hz). 1.97 (2H, m). 
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Example 37: Phosphoric acid mono-{2-[(1-naphthalen-2-yl-iiiethanoyl)-amino]-4-'phenyl-butyl} 
ester 

37 

O 
HN 

kJ ^ 

5 To an ethanol solution of the phosphate benzyl ester 36 (0.305 g, 0.527 mmol) was added 

10% palladium on carbon (60 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 15 h and was then filtered through a pad of celite. All solvent was removed in vacuo to give 210 
mg (100%) of the title compound 37. NMR (CD3OD): 6 8.39 (1H, s), 8.1-7.9 (4H, m), 7.59 (2H, 
m), 7.3-7.18 (5H. m). 4.37 (1H, m). 4.12 (2H, m). 2.79 (2H, m), 2.06 (2H, m); HRMS (MALDI) calc for 

10 C21H23NO5P (M+H*) 400.1314; found 400.1312. 

Carboxylic Acid 38: 




38 R = H \ 

) SOCb. MeOH 
39R = Me / 



15 

To a methylene chloride solution (8.5 mL) of D-3-fluorophenylalanine (0.5 g, 2.73 mmol) was 
added triethylamine (1 mL) and dansyl chloride (0.737 g, 2.73 mmol). After 12 h, the mixture was 
concentrated in vacuo. The residue was dissolved in EtOAc (10 mL) and added to a 5% HCI solution 
(10 mL). The resulting precipitate 38 was collected by filtration. The solid 38 was dissolved in MeOH 

20 (15 mL). After cooling the solution to -20 °C, thionyl chloride (1.5 mL) was added. After 15 h at 25 
°C, the solution was concentrated in vacuo and the residue was dissolved In EtOAc (50 mL). The 
EtOAc solution was washed with ice-cold safd sodium carbonate solution (1x50 mL), dried over 
MgS04 and concentrated to dryness affording 506 mg of the methyl ester 39. The solid 39 was 
dissolved in THF (10 mL) and added LiBH4 (76 mg, 3.5 mmol). After 15 h, the reaction was 

25 quenched by slow addition of sat'd NH4CI solution (1.5 mL). The mixture was extracted by EtOAc 
(3x25 mL), washed with brine (1x20 mL), dried (MgS04) and concentrated. The residue was purified 
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by column chromatography (50% EtOAc in hexanes) to give 308 mg (28% yield for 3 steps) of the 
desired compound 40. NI\/IR (CDCI3): 6 8.43 (1H. d. J=8.4 Hz). 8.14 (1H. dd. J=7.8, 0.9 Hz). 8.04 
(1H, d, J=8.7 Hz), 7.40 (2H. m). 7.07 (1H, d, J=7.5 Hz), 6.78 (1H. m), 6.55-6.46 (2H, m), 6.38 (1H. dt, 
J=9, 1.2 Hz), 5.25 (1H, d, J=10.5 Hz), 3.56 (1H, dd, J=10.8, 3.9 Hz), 3.47-3.31 (3H, m), 2.81 (6H. s). 
5 2.61 (1H, dd. J=13.8. 6.6 Hz). 2.49 (1H, dd. J=13.8, 7.8 Hz). 

Phosphate Benzyl Ester 41 




10 

To an acetonltrile solution (1 mL) of the alcohol 35 (53 mg, 0.132 mmol) and 1H-tetrazole (28 
mg, 0.394 mmol) was added dibenzyl N.N-dlisopropylphosphoramidite (91.2 mg, 0.264 mmol) at 25 
°C. After 4 h. 50% hydrogen peroxide (1 mL) was added to the suspension at 0 ®C. The solution 
was diluted with methylene chloride (25 mL), washed with concentrated NaHSOs solution (2x25 mL), 

1 5 dried over MgS04 and concentrated in vacuo. The residue was purified by column 

chromatography (36% EtOAc in hexanes) to give 0.06 g of the compound 41 in 69% yield. ^H NMR 
(CDCI3): 5 8.48 (1H. d, J=8.4 Hz), 8.15 (1H, dd, J=7.5, 0.9 Hz), 8,11 (1H, d, J=8.7 Hz), 7.45 (2H, m), 
7.38-7.30 (10H. m). 7.12 (1H. d, J=7.5 Hz), 6.83 (1H. m), 6.59 (1H, td. J=8.7. 2.7 Hz), 6.51 (1H, d, 
J=7.5 Hz). 6.42 (1H, dt. J=9.6, 1.8 Hz). 5.42 (1H. d, J=8.1 Hz), 5.08-4.94 (4H, m), 3.95-3.84 (2H. m), 

20 3.50 (1H, m), 2.86 (6H, s), 2.59 (1H, dd, J=13.8. 7.2 Hz), 2.46 (1H. dd. J=13.8, 7.2 Hz). 

Example 42: Phosphoric acid mono-[(R)-2-(5-dlmethylamlno-naphthalene-1-sulfonylamlno)-3- 
(3-fluoro-phenyl)-propyl] ester 




25 
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To an ethanol solution of the phosphate benzyl ester 41 (0.06 g, 0.0906 mmol) was added 
10% palladium on carbon (10 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 15 h and was then filtered through a pad of celite. The filtrate was concentrated in vacuo. The 
residue was purified by HPLC to give 20 mg (46% yield) of the title compound 42. NMR (CD3OD): 
5 6 8.46 (1H, d. J=8J Hz). 8.39 (1H, d, J=9 Hz). 8.20 (1H, d, J=7.5 Hz). 7.77 (1H, d. J=7.5 Hz), 7,72- 
7.59 (2H, m). 6.69 (1H, m), 6.59 (1H. d, J=8.1 Hz). 6.48-6.34 (2H, m), 4.14 (1H, m). 3.97 (1H, m), 
3.62 (1H. m), 3.32 (6H, s), 2.90 (1H. dd. J=14.4, 3.9 Hz), 2.49 (1H, dd, J=10.2, 14.1 Hz); LCMS 
(ESP): 483 (M+H*). 

10 Alcohol 43: 




To a sodium carbonate solution (1 M. 5 mL) was added acetonltrile (5 mL). ethanolamine 
15 (0.173 mL, 3.12 mmol) and 2-naphthoyl chloride (594 mg. 3.12 mmol). After 15 h, the mixture was 
extracted with methylene chloride (3x50 mL). The combined organic layers were dried (MgS04) and 
concentrated. The residue was purified by column chromatography (EtOAc) to afford 386 mg (58% 
yield) of the compound 43. ^H NMR (CDCI3): 6 8.31 (1H, s). 7.96-7.78 (4H. m). 7.55 (2H, m), 6.76 
(1H. br s). 3.89 (2H, t. J=5.7 Hz), 3.70 (2H, q, J=5.4 Hz); LCMS (ESP): 216 (M+H*), 238 (M+Na*); 
20 Elemental Analysis for (C13H13NO2 ) calc: C 72.54, H 6.09, N 6.51 ; found: C 72.68. H 6.09, N 6.51 , 

Phosphate Benzyl Ester 44: 




44 



25 To an acetonitrile solution (10 mL) of the alcohol 43 (321 mg, 1.49 mmol) and IH-tetrazole 

(282 mg, 4.02 mmol) was added dibenzyl N.N-diisopropylphosphoramidlte (1 mL, 2.99 mmol) at 25 
**C. After 3 h. MCPBA (77% pure, 900 mg. 5.22 mmol) was added to the suspension at 0 **C. The 
solution was diluted with methylene chloride (75 mL), washed with concentrated NaHSOs solution 
(2x50 mL), dried over MgS04 and concentrated in vacuo. The residue was purified by column 

30 chromatography (50% to 75% EtOAc in hexanes) to give 0.699 g of the compound 44 in 99% yield. 



PC19148A 



-80- 

NMR (CDCI3): 6 8.34 (1H. s). 7.96-7.81 (4H. m), 7/55 (2H. m). 7.37-7.15 (11H. m). 5.04 (4H. m), 
4.19 (2H. m). 3.73 (2H, q. J=5.1 Hz); LCMS (ESP): 498 (M+Na*). 

Phosphoric acid 45 




45 



To an ethanol solution of the phosphate benzyl ester 44 (0.672 g, 1.41 mmol) was added 
10% palladium on carbon (134 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 2.5 h and was then filtered through a pad of celite. The filtrate was concentrated to dryness in 
vacuo to give 415 mg (100% yield) of the compound 45 as a white solid. NMR (CD3OD): 6 8.42 
(1H. s), 8.03-7.87 (4H, m), 7.59 (2H, m), 4.20 (2H. q. J=5.7 Hz), 3.73 (2H. t, J=5.4 Hz); LCMS (ESP): 
296 (M+H*), 318 (M+Na*); 294 (M-H)', 589 (2M-H)"; Elemental Analysis for (C13H14NO5P O.2H2O) 
calc: C 52.25. H 4.86, N 4.69; found: C 52.21. H 4.95, N 4.60. 

Alcohol 47: 




To a methylene chloride solution (5 mL) of D-phenyllactIc acid (0.5 g, 3 mmol) at 0 "C was 
added triethylamine (1 mL) and 2-naphthoyl chloride (0.629 g, 3.3 mmol). After 12 h. the mixture 
was diluted with EtOAc (80 mL), washed with 5% Ice-cold HCI solution (1x50 mL), dried and 
concentrated. The residue 46 (0.9 g) was dissolved in THF (10 mL). The solution was cooled to -20 
°C and 1 M borane in THF solution (3 mL, 3 mmol) was added. After stirring the mixture at 25 °C for 
6.5 h, MeOH (15 mL) was added. After 15 min. all of the solvent was removed in vacuo. The 
residue was dissolved In MeOH (15 mL) and stirred for 1 h. The solution was diluted with EtOAc 
(100 mL), washed with ice-cold 1M Na2C03 solution (2x50 mL) and brine (1x50 mL), dried and 
concentrated. The residue was purified by column chromatography (35% EtOAc In hexanes) to give 
300 mg (33% yield) of the compound 47. ^H NMR (CDCI3): 6 8.57 (1H, s). 8.02 (1H, dd. J=8.7, 1.8 
Hz), 7.94 (1H. br d, J=7.8 Hz), 7.90-7.79 (2H, m). 7.57 (2H, m), 7.35-7.18 (5H, m), 5.41 (1H. m), 3.90 
(1H, dd. J=12.3. 3.3 Hz), 3.80 (1H. dd. J=12.3, 3.6 Hz), 3.12 (2H, m); LCMS (ESP): 329 (M+Na*); 
305 (M-H)-. 
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Phosphate Benzyl Ester 48: 




5 

To an acetonltrile solution (10 mL) of the alcohol 43 (60 mg, 0.196 mmol) and IH-tetrazole 
(70 mg, 1 mmol) was added dibenzyl N,N-diisopropylphosphoramidite (260 mg, 0.75 mmol) at 25 °C. 
After 3 h, MCPBA (77% pure, 570 mg. 3 mmol) was added to the suspension at 0 °C. The solution 
was diluted with methylene chloride (30 mL). washed with concentrated NaHSOa solution (2x30 mL), 
10 dried over MgS04 and concentrated in vacuo. The residue was purified by column chromatography 
(1% THF in methylene chloride) to give 80 mg of the compound 48 in 73% yield. NMR (CDCI3): 6 
8.57 (1H, s), 8.02 (1H, dd, J=8.4, 1.2 Hz), 7.93-7.77 (3H. m). 7.63-7.46 (2H, m), 7.40-7.17 (15H. m). 
5.48 (1H, m), 5.10-4.93 (4H, m). 4.19 (2H, m), 3.11 (1H. dd. J=13.5. 6.3 Hz), 3.01 (1H, dd. J=13.5, 
7.2 Hz). 

15 

Example 49: Naphthatene-2-carboxylic acid (R)-2-phenyl-1-phosphonooxymethyl-ethyl ester 




To an ethanol solution of the phosphate benzyl ester 48 (80 mg. 0.141 mmol) was added 
20 10% palladium on cartoon (25 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 15 h and was then filtered through a pad of cellte. The filtrate was concentrated in vacuo. The 
residue was purified by HPLC to give 30 mg (55% yield) of the title compound 49. ^H NMR (CD3OD): 
6 8.53 (1H. s). 7.99-7.80 (4H, m), 7.53 (2H. p, J=6.9 Hz), 7.31-7.08 (5H. m). 5.44 (1H, m), 4.24-4.05 
(2H. m). 3.08 (2H. d, J=6.9 Hz); LCMS (ESP): 385 (M-H)"; HRMS (MALDI) calc for CjoHzoOeP (M+H*) 
25 387.0998; found 387.1016. 
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a-Hydroxycarboxylic acid: 




5 D-3-Fluorophenylalanine (7.98 g, 43.8 mmol) was dissolved in 1 M sulfuric acid solution (140 

mL). To the solution at 0 °C was slowly added 6 M NaN02 solution (36 mL. 216 mmol) and 3.2 M 
sulfuric acid (36 mL). The mixture was stirred at 0 for 3 h and then at 25 °C for 0.5 h. The 
solution was extracted with EtOAc (7x75 mL). The combined organic layers were dried and 
concentrated. Recrystalization from EtOAc/hexanes afforded 5.36 g (67% yield) of the compound a- 

10 hydroxycarboxylic acid. NMR (CDCI3): 6 7.29 (1H. m), 7.13-7,0 (2H. m), 6.95 (1H, td, J=8.4. 2.4 
Hz), 4.36 (1H. dd, J=7.8, 4.2 Hz), 3.12 (1H, dd, J=14.1. 4.5 Hz). 2.93 (1H, dd, J=13.8, 7.8 Hz); LCMS 
(ESP): 183 (M-H)". 

Diol 51: 




50 O 51 



To a THF solution (15 mL) of a-hydroxycarboxylic acid 50 (2.04 g, 11.1 mmol) was added 1 
M borane in THF solution (16.6 mL, 16.6 mmol). The mixture was stin-ed at 25 °C for 16 h. The 
reaction was quenched by addition of MeOH (15 mL). After 1 h. all of the solvent was removed in 

20 vacuo. The residue was dissolved in methylene chloride (15 mL). Saturated NaHCOa solution (15 
mL) was added to the solution, which was stirred vigorously for 3 h. The mixture was extracted with 
methylene chloride (2x50 mL). The combined organic layers were dried over Na2S04 and 
concentrated. The residue was purified by column chromatography (35% to 50% EtOAc in hexanes) 
to give 969 mg (51% yield) of the compound 51. ^H NMR (CDCI3): 6 7.34-7.22 (1H. m), 7.05-6.89 

25 (3H, m). 3.96 (1H, m). 3.71 (1H. dd. J=11.1. 3.3 Hz). 3.53 (1H, dd, J=11.7, 6.9 Hz). 2.78 (2H. m). 

Phosphate Benzyl Ester 52: 
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To a methylene chloride solution (4 mL) of the diol 51 (215 mg, 1.26 mmol) was added 
pyridine (1 mL), 4-dimethylaminopyridine (DMAP) (10 mg) and 10% dibenzyl phosphoryi chloride In 
benzene (8.8 mL, 2.78 mmol). After 17 h, the solution was diluted with methylene chloride (25 mL), 
washed with 5% HCl solution (1x30 mL), dried and concentrated. The residue was purified by 
5 column chromatography (35% EtOAc in hexanes) to give 68 mg (1 3% yield) of the compound 52. 
NMR (CDCI3): 5 7.43-7.29 (10H, m), 7.28 (1H. m), 7.00-6.84 (2H, m), 5.15-4.98 (4H, m), 4.03-3.78 
(3H. m), 2.71 (2H, m); LCMS (ESP): 431 (M+H*), 453 (M+Na*). 

Ester 53: 

10 




To a methylene chloride solution (2 mL) of the alcohol 52 (67 mg, 0.158 mmol) was added 
triethylamine (1 mL) and 1-ben20thiophene-2-carbonyl chloride (62 mg, 0.316 mmol). After 3 h. the 

15 mixture was concentrated in vacuo. The residue was dissolved in methylene chloride (20 mL). The 
solution was washed with brine (1x20 mL), dried over Na2S04 and concentrated. The residue was 
purified by column chromatography (5 to 15% EtOAc in hexanes) affording 23 mg (24% yield) of the 
compound 53. NMR (CDCI3): 6 8.01 (1H, s). 7.84 (2H, d. J=8.4 Hz), 5.43 (2H. m). 7.33-7.17 
(12H. m), 7.03-6.85 (3H, m), 5.37 (1H. m), 5.02 (4H. m), 4.12 (2H. m). 3.04 (1H. dd. J=13.8. 6.9 Hz), 

20 2.96 (1H. dd. J=14.1, 6,6 Hz). 

Example 54: Phosphoric acid mono-[(R)-2-[(1-benzo[b]thiophen-2-yi-methanoyl)-amino]-3-(3- 
fluoro-phenyi)-propyl] ester 




To an ethanol solution of the phosphate benzyl ester 53 (23 mg, 0.038 mmol) was added 
10% palladium on carbon (5 mg). The suspension was kept under hydrogen atmosphere (1 atm) for 
15 h and was then filtered through a pad of celite. The filtrate was concentrated in vacuo. The 
30 residue was purified by HPLC to give 10 mg (64% yield) of the compound 54. ^H NMR (CD3OD): 6 
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8.17 (1H, s), 8.00 (2H, m). 7.53 (2H, m). 7.35 (1H. m). 7.24-7.11 (2H, m), 7.01 (1H, td, J=8.7. 2.7 
Hz). 5.53 (1H. m), 4.24 (2H. m), 3.20 (2H, m); HRMS (MALDI) calc for CisHitObPS (M+H*) 
411.0468; found 41 1.0480. 



5 Aminoalcohol 55: 



NH 

Ph^^OH 



BH3 in THF 



NH 



Phx,As/OH 55 



To a THF solution (20 mL) of N-methyl-D-phenylalanine (2.5 g, 14 mmol) was added 1 M 
10 borane solution in THF (20.9 mL, 20.9 mmol). After 15 h, sat'd NaHCOa solution (5^mL) was added 
to the solution. The mixture was stirred vigorously for 48 h and then extracted with methylene 
chloride (3x25 mL). The combined organic layers was dried over MgS04 and concentrated. The 
residue was purified by column chromatography (95/5/0.5 to 90/10/1 CH2CI2/CH3OH/NH4OH) to give 
710 mg (31% yield) of the compound 55. ''H NMR (CDCI3): 6 7.41-7.09 (5H, m), 3.64 (1H, dd, 
15 J=10.8, 3.6 Hz), 3.34 (1H, dd, J=10.8. 4.5 Hz), 2.86-2.68 (3H. m), 2.41 (3H, s). 



Alcohol 56: 




To a sodium cariaonate solution (1 M, 4 mL) was added acetonitrile (4 mL), the aminoalcohol 
55 (377 mg, 2.28 mmol). and 2-naphthoyl chloride (435 mg, 2.28 mmol). After 15 h, the mixture was 
extracted with methylene chloride (3x25 mL). The combined organic layers were dried (MgS04) and 
concentrated. The residue was purified by column chromatography (50-100% EtOAc in hexanes) to 
25 afford 574 mg (79% yield) of the compound 56. ^H NMR (CD3OD): (mixture of two rotamers) 6 3.16 
and 2.81 (3H, s); LCMS (ESP): 320 (M+H*), 342 (M+Na*); Elemental Analysis for (C21H21NO2) calc: 
C 78.97, H 6.63, N 4.39; found: C 79.00. H 6.76, N 4.47. 
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Phosphate Benzyl Ester 57: 




5 To an acetonitriie solution (8 mL) of the alcohol 56 (322 mg, 1.01 mmol) and 1H-tetrazole 

(191 mg. 2.72 mmol) was added dibenzyl N.N-diisopropylphosphoramidite (0.678 mL. 2.02 mmol) at 
25 °C. After 3 h, MCPBA (0.523 g, 77% pure, 3.03 mmol) was added to the suspension. The 
solution was diluted with methylene chloride (35 mL), washed with concentrated NaHSOa solution 
(2x25 mL), dried over MgS04 and concentrated in vacuo. The residue was purified by column 

10 chromatography (30 to 50% EtOAc in hexanes) to give 0.23 g of the compound 57 In 40% yield. 
NMR (CDCI3): (mixture of two rotamers) 6 5.06 (4H, m), 3.06 and 2.72 (3H, s); LCMS(ESP): 602 
(M+Na"). 

Example 58: Phosphoric acid mono-{[methyl-(1-naphthalen-2-yl-methanoyl)<imino]-phenyl- 
15 propyl} ester 




To an ethanol solution of the phosphate benzyl ester 57 (224 mg, 0.387 mmol) was added 
20 10% palladium on carbon (45 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 3 h and was then filtered through a pad of celite. The filtrate was concentrated to dryness in 
vacuo, affording 155 mg (100% yield) of the title compound 58. NMR (CD3OD): (mixture of two 
rotamers) 6 3.18 and 2.87 (3H. s); LCMS (ESP): 398 (M-H)'. 
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gcheme4 



5 




To a 3-fluorophenylalanine (2.2 g, 12 mmol) solution in methanol (12 mL) at -30 °C was 
added thionyl chloride (1 mL). After stirring at 25 °C for 15 h, the reaction mixture was concentrated 
in vacuo to give 2.2 g of a solid, which was then dissolved in DMF (25 mL). To the solution was 

10 added benzimidazole-6-carboxylic acid (2.18 g, 13.44 mmol), EDC (3,22 g, 16.8 mmol), and DMAP 
(0.237 9, 2.24 mmol). After 15 h, the mixture was diluted with EtOAc (100 mL), washed with ice-coid 
5% NaOH solution (1x80 mL) and brine (3x 80 mL), dried (M9SO4) and concentrated. The resulting 
crude oil (2 g) was dissolved in THF (10 mL) and the solution was slowly added to LiBH4 (0.52 g, 24 
mmol). After 15 h at 25 °C, a solution of NH4CI (1 mL) was added slowly to quench the reaction. 

16 The suspension was extracted with EtOAc (3x20 mL). The combined organic layers were washed 
with brine (2x40 mL), dried (MgS04) and concentrated. The residue was purified by column 
chromatography (5% MeOIH in CH2CI2), providing 400 mg (11% yield) of the compound 59. LCMS: 
314 (M+H*. ESP Positive); 312 (M-H". ESP negative). 
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Phosphate Benzyl Ester 60: 




5 To an acetonitrile solution (6 mL) of the alcohol 59 (188 mg. 0.601 mmol) and IH-tetrazole 

(84 mg, 1.20 mmol) was added dibenzyl N.N-diisopropylphosphoramidite (0.302 mL, 0.901 mmol) at 
25 °C. After 3 h, MCPBA (404 mg, 77% pure, 1.80 mmol) was added to the suspension. The 
solution was diluted with EtOAc (20 mL), washed with 5% NaHSOa solution (1x20 mL), dried over 
Na2S04 and concentrated in vacuo. The residue was purified by column chromatography (98/2/0.2 
10 CH2CI2/CH3OH/NH4OH) and further purified by preparative HPLC to give 132 mg of the compound 
60 in 38% yield. NMR (CDCI3): 5 8.82 (1H. s). 7.89 (1H, d, J=8.10 Hz), 7.75 (1H. d. J=7.54 Hz). 
7.47 (1H. d. J=8.67 Hz), 7.37-7.19 (1H. m), 7.00 (1H. d, J=7.35 Hz), 6.91 (2H. d. J=8.85 Hz). 5.14- 
6.00 (4H, m). 4.53 (1H. m), 4.23-4.01 (2H. m). 3.08-2.96 (1H, dd. J=13.76, 6.97 Hz), 2.91-2.80 (1H, 
dd. J=13.94, 8.86 Hz); LCMS: 574 (M+H"); 596 (M+Na*). 

15 

Example 61: Phosphoric acid mono-[{R)-2-[(1-3H-benzolmidazol-5-yl-methanoyl)-aminol-3-{3- 
fluoro-phenyl)-propyl] ester 




61 



20 To a methanol solution of the phosphate benzyl ester 60 (132 mg, 0.230 mmol) was added 

palladium on carbon (10%, 26 mg). The suspension was l<ept under hydrogen atmosphere (1 atm) 
overnight, and was then filtered through a pad of celite. Preparative HPLC purification afforded 11 
mg (12% yield) of the title compound 61. ^H NMR (CD3OD): 6 9.46 (1H, s). 8.26 (1H, s). 8.06-7.86 
(1H, dd. J=38.24. 8.85 Hz). 7.30 (1H, m), 7.20-7.04 (2H. m). 6.95 (1H. t. J=10.36 Hz). 4.57 (1H, m). 

25 4.13 (2H. m), 3.18-2.94 (2H, m); LCMS: 394 (M+H*); 392 (M-H)"; HRMS (MALDI) calc for 
C17H17FN3O5PH (M+H*) 394.0962; found 394.0968. 
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Scheme 5 



BnO- 



NH2 




OH BH3/THF 



NH2 



0*b to RT 



^ F 




2, 3-Difluoro-DL- 
phenylalanine 



62 



OH CBZCI 



TEA/CH2CI2 



63 



BnO 



,OBn 



NH 



"^OBn 



MCPBA 




1H-tetrazole 



64 



0 ^» H2/Pd-C 
^M^OBn — 

"^OBn MeOH 



HCI 



HCI 



NH2 





NaaCOa/HaO/CHsCN 



65 





To a tetrahydrofuran solution (25 mL) of 2.3-difluoro-DL-phenylalanine (2.93 g, 14.6 mmol) 
was slowly added 1 M borane in tetrahydrafuran (36.5 mL, 36.5 mmol) at 0 °C. The mixture was 
warmed to room temperature and stirred overnight. Methanol (20 mL) was added and the solution 
was stirred vigorously for 1 h. The solvent was evaporated and the procedure was repeated. The 
10 residue was dissolved in methylene chloride (50 mL) and stirred vigorously with 1M NaHCOa (30 ml) 
overnight. The mixture was extracted with methylene chloride (3x50 mL). The combined methylene 
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chloride extract was washed with brine (50 mL), dried with Na2S04 . and concentrated. After column 
chronrtatography purification (95/5/0.5 CH2CI2/CH3OH/NH4OH), the compound 62 was obtained In 
47% yield (1.28 g). ""H NMR (CH3OD): 6 7.20-7.02 (3H, m), 3.54 (1H. dd. J=10.93. 4.52 Hz), 3.44- 
3.35 (1H. m). 3.14-3.05 (1H. m), 2.93-2.84 (1H, m). 2.75-2.65 (1H, m); LCMS: 18 8.0 (M+H*). 

5 

Alcohol 63: 

CBz 




10 To a methylene chloride solution (30 mL) of 62 (1.28 g, 6.84 mmo!) was added triethylamlne 

(1.9 mL, 13.7 mmol) and benzyl chloroformate (1.47 mL, 10.3 mmol). The mixture was stin-ed 
ovemight and then concentrated. The residue was dissolved In methylene chloride (30 mL) and 
washed with brine (1x30 mL). The solution was dried (Na2S04) and concentrated. After column 
chromatography purification (10 to 30% EtOAc in hexane), the compound 63 was obtained in 59% 

15 yield (1.30 g). ''H NMR (CDCI3): 6 7.27 (5H, m), 7.03-6.86 (3H. m). 5,00 (2H, s), 3.90 (1H, m), 3.70- 
3.47 (2H, m), 2.88 (1H, d. J=6.80 Hz); MS (ESP): 322.1 (M+H"); 344.1 (M+Na*). 

Phosphate Benzyl Ester 64: 



CBz 




To an acetonitrile solution (20 mL) of the alcohol 63 (1.30 g, 4.05 mmol) and IH-tetrazole 
(765 mg, 10.9 mmol) was added dibenzyl N,N-dilsopropylphosphoramidite (2.72 mL, 8.10 mmol) at 
25 **C. After 3 h. MCPBA (3.18 g, 77% pure, 14.2 mmol) was added to the suspension. The solution 
25 was diluted with EtOAc (80 mL), washed with 5% NaHSOa solution (2x80 mL), dried over MgS04 and 
concentrated in vacuo. The residue was purified by column chromatography (10-30% EtOAc In 
hexane) to give 2.16 g of the compound 64 In 92% yield. ""H NMR (CDCh): 5 7.51-7,38 (15H, m), 
7.18-6.93 (3H. m). 5.18-5.08 (6H. m). 4.21-3.93 (3H, m), 2.95 (2H. d, J=6.42 Hz); LCMS: 604.2 
(M+Na*). 

30 
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Amino Phosphate 65: 



HCI 




65 



5 To a methanol solution of the phosphate benzyl ester 64 (2.16 g. 3.72 mmol) was added 

palladium on carbon (10%, 300 mg). The suspension was kept under hydrogen atmosphere (1 atm) 
for 4 h, and was then filtered through a pad of celite. The collected solid was washed with methylene 
chloride. The mixture of the solid and celite was suspended in 5% HCI solution and stirred for 20 
min. Alter filtration, the filtrate was concentrated to dryness, affording 91 0 mg of the compound 65 in 

10 92% yield. NMR (DMSO): 5 6.48-6.32 (3H, m), 3.38-3.28 (1H. m), 3.24-3.13 (1H, m). 3.00-2.88 
(1H, m), 2.32 (2H. d. J=7.18 Hz); LCMS: 268.0 (M+H*); 266.1 (M-H)'. 

Example 66: Phosphoric acid mono-{3-(2,3-difluoro-phenyl)-2-[(1-naphthalen-2-yl-methanoyl)- 
amino]-propyl} ester 

15 




66 



To a sodium carbonate solution (1 M. 5 mL) was added the aminophosphate 65 (226 mg, 
0.745 mmol) and 2-naphthyl chloride (142 mg, 0.745 mmol). After 15 h. it was acidified to pH-1 by 
20 the addition of 1 M HCI solution at 0 **C. Preparative HPLC purification afforded 135 mg (43% yield) 
of the title compound 66. 'H NMR (CD3OD): 5 8.31 (1H, s). 7.98-7.91 (3H, m), 7.82 (1H. d, J=1.72 
Hz), 7.60 (2H. m), 7.20-7.06 (3H, m), 4.82 (1H. m), 4.18 (2H. m), 3.24 (1H. dd. J=13.93. 5.49 Hz), 
3.07 (1H, dd, J=13.69, 8.84 Hz); LCMS: 420.2 (M-H)"; Elemental Analysis for (C20H18F2NO5P) calc: C 
57.01, H 4.31. N 3.32; found: C 56.80, H 4.55, N 3.27. 

25 
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Example 67: Phosphoric acid mono-[2-[(1-benzo[b]thiophen-2-yl-methanoyl)-amino]-3-(2,3 
difluoro-phenyl)-propyq ester 




67 

5 

To a sodium carbonate solution (1 M, 5 mL) was added the aminophosphate 65 (199 mg. 
0.656 mmol) and benzo[b]thlophene-2-carbonyl chloride (129 mg, 0.656 mmol). After 15 h, it was 
acidified to pH-1 by the addition of 1 M HCI solution at 0 °C. Preparative HPLC purification afforded 
75 mg (27% yield) of the title compound 67. NMR (CD3OD): 6 7.73-7.62 (3H, m). 7.23-7.15 (2H, 
10 m), 6.95-6.78 (3H. m). 4.42-4.29 (1H, m). 3.97-3.82 (2H. m), 2.98 (1H, dd, J=13.97. 4.91 Hz), 2.80 
(1H. dd, J=13.98, 10.20 Hz); LCMS: 426.0 (M-H"); Elemental Analysis for (CtsHisFaNOsPS, O.2OH2O) 
calc: C 50.16, H 3.84, N 3.25; found: C 50.04, H 3.85, N 3.32. 
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Scheme 6 




(R)-3-Amino-4-(3-fluoro-phenyl)- 
butyric acid hydrochloride 




71 

5 Amine 68: 




To a stirred solution of lithium borohydride (3 eq) in THF (45 mL) was added 
10 chlorotrimethylsilane (10.09 mL, 0.080 mol, 6 eq). The solution was stirred five minutes at room 
temperature. (R)-3-Amino-4-(3-fluoro-phenyl)-butyrlc acid hydrochloride (3.10 g, 13.24 mmol) was 
added portion wise, and the reaction was stirred overnight at room temperature. The reaction was 
quenched with methanol, and the solvents were removed in vacuo. The residue was diluted with 
H2O, and the pH was brought to 12 viflth aqueous NaOH. The product was extracted with chloroform, 
16 and the organic phase was separated, washed sequentially with water and brine, dried (MgS04), and 
the solvent evaporated to give 2.21 g (91%) of a clear oil 68. NMR (benzene-de): 6 1.10-1.30 (m, 
2H), 1.20-1.60 (br, 3H). 1.91 (dd, 1H. J=8.3, 13.3 Hz). 2.18 (dd. 1H. J=5.2, 13.3 Hz). 2.54-2.62 (m. 
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1H), 3.62-3.70 (m. 1H), 3.73-3.79 (m, 1H), 6.48 (d. 1H. J=7.5 Hz), 6.55-6.59 (m, 1H). 6.69-6.76 (m, 
1H). 6.83-6.90 (m. 1H); IR (neat) 1688, 1487, 1449. 1251, 1141, 1065, 783 crrT^ Rf = 0.18 (5% 
methanolic ammonla/CHCIa): LCMS 184 (M+H). 

5 Alcohol 69: 




69 



Amine 68 (1 .05 g, 5.72 mmol) was dissolved in CH2CI2 (60 mL). Triethylamine (0.88 mL, 
10 6.30 mmol) was added, followed by benzo[b]thiophene-2-carbonyl chloride (1 .12 g, 5.72 mmol). The 
reaction was stirred at room temperature for one hour, and the solvent was removed in vacuo. The 
product was purified by flash column chromatography eluting with a gradient of 30-60% 
EtOAc/hexanes (Rf = 0.24 (50% EtOAc/hexanes) to give 1 .87 g (91%) of a white solid 69. NMR 
(DMSO-de): 6 1.68-1.75 (m, 2H), 2.87 (d. 2H. J=7.0 Hz). 3,43-3.52 (m. 2H), 4.20-4.27 (m, 1H), 4.42 
15 (t, 1H, J=5-1 Hz), 6.94-7.00 (m. 1H). 7.03-7.08 (m. 2H), 7.25-7.32 (m, 1H), 7.39-7.46 (m. 2H), 7.90- 
8.01 (m, 2H), 8.05 (s, 1H), 8.50 (d, 1H. J=8.5 Hz); LCMS 344 (M+H). 

Bromide 70: 




Alcohol 69 (1.77 g, 5.14 mmol) was partially dissolved In CH2CI2 (50 mL) and cooled to 0 °C. 
Triethyl phosphite (1.77 mL, 10.29 mmol) was added, followed by CBr4 (3.41 g, 10.29 mmol). The 
ice bath was removed, and the reaction was allowed to warm to room temperature over 5 hours. The 
reaction was poured Into CH2CI2/H2O. The organic phase was separated, washed with brine, dried 
25 (MgS04) and evaporated. The crude product was purified by flash column chromatography eluting 
with a gradient of 3-50% EtOAc/hexanes (Rf = 0.18 (10% EtOAc/hexanes) to give 0.45 g (21%) of a 
white solid 70. ^H NMR (DMSO-de): 6 2.05-2.16 (m. 2H). 2.88 (d, 2H, J=6.9 Hz), 3.50-3.59 (m. 2H), 
4.25-4.29 (m. 1H). 6.96-7.08 (m. 3H). 7.26-7.33 (m. 1H). 7.40-7.47 (m. 2H), 7.92-8.01 (m. 2H), 8.06 
(s. 1H). 8.57 (d, 1H, J=8.5 Hz); LCMS 406, 408 (M+H). 
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Example 71: ([(R)-3-[(Benzo[b]thiophene-2<art)onyl)-amino]-4-(3-fluoro-phenyl)-butyl] 
phosphonic acid ): 




Bromide 70 (0.38 g, 0.93 mmol) was suspended in triethyl phosphite (5 mL) and placed in a 
microwave apparatus for 15 minutes at 150 °C upon which the reaction goes clear. The solvent was 
removed in vacuo. The crude product was chromatographed by flash silica gel chrbmatography 

10 eluting with a gradient of 0-2% MeOH/CHCIa giving 0.11 g of the diethyl phosphonate as a clear oil 
(Rf = 0.24, 3% MeOH/CHCb). The oil was dissolved in CH2CI2 (3 mL) and treated with 
bromotrimethylsilane (0.15 mL, 1 .2 mmol). The reaction was stirred overnight at room temperature. 
The solvent was removed, and the residue triturated with water. The resulting white precipitate was 
filtered, washed with water, and dried to give 0.07 g (17%) of the title compound as a white solid 71. 

15 NMR (DMSO-de): 6 1.49-1.80 (m, 4H). 2.80-2.93 (m. 2H), 4.14-4.19 (m. 1H). 6.94-7.00 (m. 1H). 
7.07-7.09 (m. 2H). 7.24-7.32 (m, 1H). 7.40-7.46 (m, 2H). 7.91-8.00 (m, 2H), 8.08 (s. 1H). 8.60 (d, 1H, 
J=8.5 Hz); HRMS calculated for C19H20NO4PSF 408.0835 (M+H). found 408.0830; Anal. 
(Ci9H,9N04PSF) C, H. N. 



PC19148A 



-95- 



Scheme 7 

Synthesis of Examples 72 and 73 




73 O 



Synthesis of Example 74 




19a 

To a CH2CI2 solution (40 mL) of D-phenylalaninol (2.26 g. 14.9 mmol) at 0 °C was added 
triethylamine (3.11 mL. 22.4 mmol) and 2-naphthoyl chloride (3.13 g, 16.4 mmol). After 15 h at 25 
"C, the mixture was diluted with CH2CI2 (50 mL), washed with brine (3x50 mL). dried and 
10 concentrated. The residue was purified by column chromatography (2% MeOH in CH2Ci2) to give 
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1.33 g (30% yield) of the compound 19a as a white solid. NMR (CDCI3): 6 8.16 (1H, s), 7.93-7.83 
(3H. m). 7.73 (1H, dd, J=8.5. 1.7Hz). 7.56 (2H. m). 7.39-7.23 (5H. m). 6.48 {1H, d. J=9 Hz), 4.43 (1H. 
m), 3.86 (1H. dd, J=11.1. 3.6 Hz), 3.77 (1H, dd, J=11, 4,9 Hz); Elemental Analysis for (C20H19NO2) 
calc: C 78.66. H 6.27, N 4.59; found: C 78.41, H 6.37, N 4.52. 

5 

Example 72: Sulfamic acid 2-[(1-naphthalen-2-yl-methanoyl)-amino]-3-phenyl-propyi ester 




10 To an acetonitrile (1 mL) solution of chlorosulfonyl isocyanate (136 |jL. 1-57 mmol) at 0 

was added water (28 pL, 157 mmol). After stinring for 1.5 h at 0 °C, acetonitrile (1 mL), pyridine (149 
pL, 1.57 mmol), and the alcohol (255 mg, 0.836 mmol) were added to the solution. The mixture was 
stin-ed at 25 ^'C for 15 h, diluted with EtOAc (20 mL). and washed with ice-cold 2% HCI solution 
(1x20mL). Column chromatography (30-50% EtOAc in hexanes) purification gave 19 mg (6% yield) 

15 of the title compound 72. ^H NMR (CD3OD): 6 8.29 (1H. S). 8.0-7.89 (3H. M). 7.80 (1H, dd. J=8.7, 
17 Hz), 7.58 (2H. m), 7.4-7.18 (6H. m), 4.66 (1H. m). 4.29 (2H. m), 3.08 (2H. m); LCMS (ESP): 385 
(M+H*), 407 (M+Na*). 



Example 73: Sulfuric acid mono-{2-[(1-naphthalen-2-yl-methanoyl)-amlno]-3-phGnyl-propyl) 
20 ester. 




To a CH2CI2 (5 mL) solution of the alcohol (105 mg, 0.344 mmol) at -30 ''C was added 
triethylamine (0.5 mL) and chlorosulfonic acid (116 mg, 90 pi, 1 mmol). After stirring at 25 °C for 15 
h, the mixture was diluted with EtOAc (10 mL), washed with ice-cold 2% HCI solution (1x15 mL), 
25 dried and concentrated. The residue was purified by column chromatography to afford 131 mg (87% 
yield) of the title compound 73 as a white solid. ^H NMR (CD3OD): 6 8.34 (1H, s), 7.91 (4H. m), 7.58 
(2H, m). 7.4-7.15 (5H. m). 4.59 (1H. m). 4.23 (1H. dd. J=10.5, 4.3 Hz). 4.13 (1H, dd. J=10.6. 5.5 Hz), 
3.07 (2H. m); HRMS (MALDI) calc for CzoHieNOsSNaz (M-H*+2Na*) 430.0696; found 430.0676. 



30 Alcohof 47a: 
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5 Alcohol 47a was prepared as described in the synthesis of compound 47. In the first step 

(preparation of 46a), hydroxy! cartsoxylic acid (760 mg. 4.13 mmol), 2-naphthoyl chloride (866 mg, 
4.54 mmol), and triethylamine (2.9 mL) were used. In the second step, 1 M borane in THF (4.73 mL) 
was used. After column chromatography (40% EtOAc in hexanes) purification, the compound 47a 
was obtained as a crude oil (137 mg). LCMS: 325 (M+H*). 

10 

Benzyl Ester 48a: 




48a 



15 Benzyl Ester 48a was prepared as described in the synthesis of 48 using the alcohol 47a 

(137 mg, 0.423 mmol), IH-tetrazole (68 mg, 0.973 mmol), dibenzyl N,N-diisopropylphosphoramidite 
(0.213 mL, 0.634 mmol), and MCPBA (360 mg, 77% pure, 1.69 mmol). After column 
chromatography purification (10% to 20% EtOAc in hexanes), the compound 48a was obtained as 
crude oil (330 mg), which was carried forward to the next step. 

20 

Example 74: Naphthalene-2-carboxyllc acid (R)-1-(3-fluoro-benzyl)-2-phosphonooxy-ethyl 
ester 




25 
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Example 74 was prepared as described in the syntliesis of 49 using the crude benzyl ester 
(330 mg) and 10% palladium on carbon (70 mg). Preparative HPLC purification gave 70 mg of the 

title compound 74 (31% yield from the alcohol). NMR (CD3OD): 6 8.56 (1H. s), 8.02-7.8 (4H, m). 
7.53 (2H, m). 7.23 (1H, m. 7.06 (2H. m). 6.89 (1H, m), 4.40 (1H. dd, J=12. 3 Hz). 4.26 (1H. dd, 
5 J=11.8. 6 Hz). 3.12 (2H, m); LCMS (ESP Negative): 403 (M-H). HRMS (MALDI): calc for CzoHigOeFP 
(M+H*) 405.0903; found 405.0902. 




OH TBDPSCI pA;^^V/X/OTBDPS 

6 O'CtoRT Imidazole /DMF 76 

D-3-Fluorophenylalanine 



^Ph 



tnphosgen ^ H 53 J=0 0 HF/ pyridine 

Et3N/CH2Cl2 Et3N/CH2Cl2 ^ jQlJX^OTBDPS 



76 



77 1H-tetrazole 




Ph 
Ph 



Hg/Pd-C /1=0 0 



^OH 

10 79 
D-Phenylalaninol 18c: 




► ^ OBn 



Ph 
Ph 



78 



18c 



15 To a tetrahydrofuran solution (30 mL) of D-3-Fluorophenylalanine (5.00 g. 27.3 mmol) was 

slowly added 1 M borane in tetrahydrofuran (68.3 mL. 68.3 mmol) at 0 The mixture was warmed 
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to room temperature and stirred overnight. l\/lethanol (40 mL) was added and stirred vigorously for 1 
h. The solvent was evaporated and the procedure was repeated. The residue was dissolved in 
methylene chloride (100 mL) and stinted vigorously with 1 M NaHCOa (50 ml) overnight. The mixture 
was extracted with methylene chloride (3x50 mL). The combined methylene chloride extract was 
6 washed with brine (50 mL), dried with Na2S04, and concentrated. After column chromatography 
purification (95/5/0.5 CH2CI2/CH3OH/NH4OH). the compound 18c was obtained in 28% yield (1.29 g). 

NMR (CD3OD): 6 7.34 (1H. m), 7.09-6.92 (3H, m), 3.54 (1H. dd. J=10.74. 4.33 Hz). 3.39 (1H, dd. 
J=10.74. 6.60 Hz), 3.13-3.02 (1H. m). 2.83 (1H. dd. J=13.37, 6.21 Hz). 2.62 (1H. dd, J=13.38. 7.73 
Hz); LCMS: 170.1 (M+H*). 

10 

Amine 75: 




76 



To a DMF solution (10 mL) of D-phenylalaninol 18c (1.30 g, 7.70 mmol) was added 
15 Imidazole (1.05 g, 15.4 mmol) and t-butyldlphenylchlorosilane (TBDPSCI) (2.40 mL. 9.24 mmol). 
After stirring overnight, the mixture was diluted with ether (80 mL), washed with saturated ammonium 
chloride (1x50), brine (1x50 mL) and dried (Na2S04). The solvent was removed in vacuo. The 
residue was purified by column chromatography (95/5 CH2CI2/CH3OH) to afford 2.35 9 (74% yield) of 
the compound 75. 'H NMR (CDCI3): 0 7.87 (4H. d. J=6.22 Hz). 7.47-7.34 (6H. m). 7,21 (1H, t, 
20 J=7.35 Hz), 6.91 (3H, dd. J=16.58, 9.42 Hz). 3.61 (2H. dd. J=9.98, 4.71 Hz). 3.52 (1H, dd, J=9.98, 
6.22 Hz), 3.17-3.08 (1H, m), 2.80 (1H, dd. J=13.56. 5.27 Hz). 2.52 (1H. dd, J=13.38. 8.29 Hz). 2.52 
(1H. dd. J=13.38. 8.29 Hz), 1.08 (9H. s); LCMS: 408.2 (M+H*), 430.2 (M+Na^). 

Silyl Ether 76: 

25 




76 



To a methylene chloride solution (15 mL) of the amine 75 (2,35 g. 5.77 mmol) and 
triethylamlne (1,53 mL, 11.0 mmol) was added a methylene chloride solution (2 mL) of trlphosgene 
30 (1 .03 g, 3.46 mmol). After 2 h. the solution was heated at reflux for 1 .5 h, and was then cooled to 25 
°C. A methylene chloride solution (25 mL) of the amine 6a (2.19 g. 5.77 mmol) was added. After 15 
h, the reaction solution was diluted with CH2CI2 (80 mL), washed with brine (2x80 mL). dried 
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(Na2S04) and concentrated in vacuo. The residue was purified by flash column chromatography (5- 
20% EtOAc in hexane) to afford 3.92 g (79% yield) of the compound 76. NMR (CDCI3): 6 7.65- 
7.58 (4H, m). 7.47-7.33 (6H. m), 7.25-7.18 (4H. m), 7.17-7.07 {7H, m). 6.88-6.82 (3H, m). 5.06 (1H, 
d. J=8.29 Hz), 5.01-4.94 (1H. m), 4.93-4.88 (1H. m). 4.11-3.97 (1H. m), 3.55 (2H. d, J=3.02 Hz). 
5 3.42-3.30 (1H, m). 3.15-2.81 (3H. m), 2.63-2.49 (4H, m). 2.23-2.13 (IN, m). 1.72-1.46 (10H. m), 
1.34-1.20 (4H, m). 1.10 (9H, s). 

Alcohol 77: 




Ph 
Ph 



To a THF solution (30 mL) of the silyl ether 76 (3.92 g, 4.80 mmol) was added 1 M 
HF/pyridlne (7 mL) at 0 °C. The reaction mixture was warmed to 25 ''C after 30 minutes and stin^ed 
overnight. The THF was removed by vacuum. The residue was dissolved In methylene chloride (50 

15 mL) and washed with cold 1 M HCI (2x50). The solution was concentrated. The resulting residue 
was purified by column chromatography (30% EtOAc in hexane) to give 2.26 g (82% yield) of the 
compound 77. NMR (CDCI3): 6 7.33-7.23 (4H, m), 7.22-7.12 (6H, m). 7.06-6.89 (3H. m), 4.99 
(1H. m), 4.90 (1H, m). 4.05-3.94 (1H, m). 3.72 (1H. d. J=3.20 Hz), 3.68 (1H. d, J=3.02 Hz). 3.60-3.50 
(1H. m), 3.39 (1H, d. J=11.68 Hz), 3.18-3.05 (1H. m), 2.99-2.78 (3H, m), 2.60 (5H. m), 2.21 (1H. d. 

20 J=12.81 Hz), 1.81-1.51 (9H. m), 1.60-1.36 (1H, m), 1.33-1.20 (1H. m). 

Phosphate Benzyl Ester 78: 




Ph 
Ph 



78 

25 

To an acetonitrlle solution (35 mL) of the alcohol 77 (2.26 g, 3.94 mmol) and IH-tetrazole 
(552 mg, 7.88 mmol) was added dibenzyl N.N-dlisopropylphosphoramidite (1.98 mL, 5.91 mmol) at 
25 ^C. After 3 h, MCPBA (2.65 g. 77% pure, 1 1 .8 mmol) was added to the suspension. The solution 
was diluted with EtOAc (100 mL). washed with concentrated NaHSOa solution (2x80 mL), dried over 
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MgS04 and concentrated in vacuo. The residue was purified by column chromatography (10-30% 
EtOAc in hexane) to give 2.23 g of the compound 78 in 68% yield. NMR (CDCI3): 6 7.18 (12H, 
m), 7.09-7.03 (3H, m). 7.03-6.91 (6H, m), 6.81-6.67 (3H, m), 5.57-5.45 (1H, m), 4.95-4.84 (5H, m), 
4.84-4.73 (2H. m), 4.00-3.91 (2H, m), 3.81-3.58 (2H, m). 3.43-3.30 (1H, m), 3.00-2.87 (1H. m). 2.83- 
5 2.73 (1H. m), 2.54-2.35 (5H, m). 2.08-1.97 (1H. m), 1.55-1.32 (5H, m). 1.13-1.06 (6H, m). 

Example 79: (S)-1-[(R)-2-(3-Fluoro-phenyl)-1-ph08phonooxymethyl-ethylcarbamoyq- 
piperidine-2-carboxylic acid 4-phenyl-1-(3-phenyl-propyl)4)utyl ester 



To a methanol solution of the phosphate benzyl ester 78 (400 mg, 0.479 mmol) was added 
palladium on carbon (10%, 80 mg). The suspension was l<ept under hydrogen atmosphere (1 atm) 
overnight, and was then filtered through a pad of celite. The filtrate was purified by preparative 
15 HPLC, affording 160 mg of the compound 79 in 51% yield. NMR (CD3OD): 0 7,34-7.19 (5H, m), 
7.19-7.09 (6H, m), 7.09-6.88 (3H, m). 5.05-4.95 (1H, m), 4.87-4.81 (1H. m). 4.17-4.06 (1H, m), 3,93 
(2H. t. J=5.09 Hz), 3.75-3.65 (1H, m). 3.07-2.90 (2H, m), 2.88-2.76 (1H. m). 2.69-2.51 (4H, m), 2.18 
(1H. d. J=13.56 Hz). 1.72-1.61 (11H. m), 1.45-1.14 (2H. m); HRMS (MALDI) calc for C9H15NO4P 
(M+H^) 655.2954; found 655.2958. 




10 



79 
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Scheme 9: Synthetic Routes to Prodrugs 
1. Synthesis of Acetoxymethyl Phospate Ester: 

o P 



9 OH Br-^O^ 



0^ (i-Pr)2EtN/MeCN ^"^q-^ 



2. Synthesis of Phenyl Phospate Ester: 

o 



CI 



_M^OPh 



R*-OH 



"OPh 



EtaN/DMAP 
CH2CI2 



R' 



^OAc 




80 R"*^ = H; r' ! 



Ph 
Ph 




81 R^^ = H; R^ = 



82 R^^ = H;R^: 



83 R^^ = H; R^ = 



84 R^^ = F;R^= 2-naphthyl 




Br' 
PhO H 

CI 



85 R^^ = F;R^ = 



91 R^^ = H; R^ ! 



Or' 

-+ o 



R" = F;Q = Ph;R' = 



|3 = 



90 R^^= H; Qs-CHjOAc; R 




11 = .. p3. B^N^O^O 



92 R'" = F; R' 
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Example 80: 1 -[1 -(Bi8-acetoxymethoxy-phosphoryloxymethyl)-2-phenyl-ethylcarbamoyl] 
piperidine-2S-carboxyllc acid 4-phenyl-1-(3-phenyl-propyl)-butyl ester 



Ph 




To an acetonitrile solution of the phosphate 16a (10 mg, 0.0168 mmol) at 0 °C was added 
bromomethyl acetate (15.4 |jL, 24.2 mg, 0.158 mmol) and diisopropylethylamine (O.t mL). After 2 h 
at 20 °C, the solution was concentrated in vacuo. The residue was purified with column 
chromatography (deactivated by 1% EtaN in hexanes, eluted with 30% EtOAc in hexaries) to give 5 
10 mg (41% yield) of the title compound 80. NMR (CDCI3): 6 7.36-7.06 (15H. m), 5.64 (4H, m). 5.45 
(1H, d. J=8.4 Hz), 4.96 (2H, m), 4.22 (1H, m). 4.03 (2H, m), 3.58 (1H, brd), 3.12 (1H, td. J=12.8. 3.3 
Hz), 2.99 (1H. dd, J=13.8, 5.7 Hz). 2.79 (1H, dd, J=13.5. 9 Hz). 2.59 (4H, m), 2.19 (1H, br d), 2.13 
(3H, s), 2.1 1 (3H, s); HRMS (MALDI) calc for C41H53N2O11P (M+H^^) 803.3279; found 803.3258. 



16 Example 81: Acetic acid acetoxymethoxy-(2-{[1-(1-bromo-naphthalen-2-yl)-methanoyll- 
amino}-3-phenyl-propoxy)-piiospliorytoxyinetliyi ester 




20 Example 81 was prepared as described in the synthesis of Example 80 using 25-24 (23 mg. 

0.05 mmol), bromomethyl acetate (24.5 pL, 38.2 mg, 0.25 mmol) and diisopropylethylamine (0.1 mL). 
Purification by EtaN deactivated column chromatography (30% EtOAc in hexanes) gave 3 mg (10% 
yield) of the title compound 81, ^H NMR (CDCI3): 6 8.33 (1H, d, J=8.4 Hz), 7.83 (2H, m), 7.61 (2H, 
m), 7.41 (1H, dd, J=8.7 Hz). 7.38-7.21 (5H. m). 6.52 (1H, brd, J=9 Hz), 5.64 (4H, m), 4.68 (1H, m), 

25 4.33 (1H, m). 4.18 (1H, m), 3.13 (1H. dd, J=13.8, 6.9 Hz), 3.02 (1H, dd, J=13.5, 8.4 Hz), 2.06 (3H, s). 
2.05 (3H. s). 
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Example 82: Acetic acid acetoxyinethoxy-{(R)-2-[3-(2-phenoxy-phenyl)-ureido]-3-phenyl- 
propoxy}-phosphoryloxymethyl ester 




Example 82 was prepared as described in the synthesis of Example 80 using 23b (22 mg. 
0.0498 mmol), bromomethyl acetate (24 pL. 0.249 mmol) and diisopropylethylamine (0.05 mL). 
Purification by EtaN deactivated column chromatography (50% EtOAc in hexanes) gave 9 mg (31% 
yield) of the title compound 82. NMR (CDCI3): 6 8.22 (1H. dd. J=8.1, 1.5 Hz). 7.36-7.17 (5H. m), 
10 7.14-7.06 (3H. m), 7.01-6.88 (4H, m). 6.82 (1H. dd, J=8.4, 1.8 Hz), 5.65-5.49 (5H, m), 4.28 (1H. m), 
4.17 (1H. m), 4.02 (1H. m). 3.01 (1H. dd, J=13.2. 6.7 Hz). 2.81 (1H. dd. J=13.5. 9 Hz). 2.05 (3H, s), 
2.04 (3H. s); LCMS (ESP): 609 (M+Na^). 

Example 83: Acetic acid acetoxymethoxy-[2-({1-[5-(3,5-dlchloro-phenoxy)-furan-2-yl]- 
1 5 methanoyiHimino)-3-phenyl-propoxyl-phosphoryloxymethyl ester 



CI 




Example 83 was prepared as described in the synthesis of Example 80 using 25-4 (23 mg. 

20 0.0473 mmol), bromomethyl acetate (23 \iL, 0.237 mmol) and diisopropylethylamine (0.049 mL). 
Purification by Et3N deactivated column chromatography (50% EtOAc in hexanes) gave 6 mg (20% 
yield) of the title compound 83. 'H NMR (CDCI3): 6 7.37-7.17 (6H. m), 7.11 (1H, d. J=3.3 Hz). 7.00 
(2H. d, J=1.5 Hz), 6.67 (1H. br d. J=8.7 Hz). 5.76 (1H. d. J=3.3 Hz). 5.62 (4H, m), 4.5 (1H. m). 4.19 
(1H, m). 4.09 (1H, m), 3.02 (1H. dd. J=13.5. 6.3 Hz). 2.93 (1H. dd. J=13.8. 8.1 Hz), 2.11 (3H, s). 2.09 

25 (3H. s). 
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Exampte 84: Acetic acid acetoxymethoxy-{(R)-3-(3-fluoro-phenyl)-2-((1-naphthalen-2-yl 
nnethanoyl)-amino]-propoxy}-phosphoryloxymethyl ester 




Example 84 was prepared as described in the synthesis of Example 80 using 25-28 (50 mg, 
0.124 mmol), bromomethyl acetate (61 pL, 0.620 mmol) and diisopropylethylamine (0.13 mL), 
Purification by EtaN deactivated column chromatography (30-50% EtOAc in hexanes) gave 17 mg 
(25% yield) of the title compound 84. NMR (CDCI3): 5 8.39 (1H, s). 8.00-7.81 (4H, m), 7.56 (1H. 
10 m). 7.37-7.23 (2H, m), 7.11 (1H, d, J=7.8 Hz), 7.06 (1H. d, J=9.9 Hz), 6.95 (1H, td. J=8.7, 2.7 Hz), 
5.75-5.57 (4H. m), 4.63 (IN. m), 4.30 (1H, m). 4.16 (1H. td. J=10.8, 3.9 Hz), 3.15 (1H. dd, J=13.5. 6 
Hz), 2.99 (13.5, 8.7 Hz). 2.12 (3H. s), 2.06 (3H, s); LCMS (ESP): 548 (IVl+H*), 670 (M+Na^); HRMS 
(MALDI) calc for C26H28NO9FP (M+H*) 548.1486; found 548.1489. 

15 Example 85: Acetic acid acetoxymetiioxy-[(R)-2-[(1-benzo[b]thioplien-2-yi-methanoyl)-amino]- 
3-(3-fluoro-plienyl)-propoxy]-phosplioryloxymethyl ester 




20 Example 85 was prepared as described in the synthesis of Example 80 using 25-29 (45 mg, 

0.11 mmol). bromomethyl acetate (55 \iL, 0.55 mmol) and diisopropylethylamine (0.115 mL). 
Purification by EtaN deactivated column chromatography (30-50% EtOAc in hexanes) gave 39 mg 
(64% yield) of the title compound 85. ^H NMR (CDCI3): 6 7.92-7.81 (3H, m), 7.48-7.27 (3H. m), 7.09 
(1H, br d, J=7.5 Hz), 7.03 (1H. br d. J=9.6 Hz), 6.95 (1H, dd, J=8.7, 2.4 Hz), 5.76-5.59 (4H. m), 4.54 

25 (1H. m), 4.27 (1H, m), 4.13 (1H. td. J=11.1, 3.9 Hz). 3.14 (1H. dd, J=13.8, 6 Hz), 2.96 (1H, dd, 
J=13.5, 9.3 Hz), 2.15 (3H, s), 2.09 (3H. s); LCMS (ESP): 576 (M+Na*); HRMS (MALDI) calc for 
C24H26NO9FPS (M+H^) 554.1050; found 554.1044. 
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Example 86: Phosphoric acid (R)-2-(5-dimethylamino-naphthalene-1-sulfonylamino)-3-(3 
fluoro-phenyl)-propyl ester diphenyi ester 




F 86 

5 

To a THF solution (10 mL) of the alcohol 40 (300 mg, 0.746 mmol) was added EtaN (0.5 mL), 
DMAP (30 mg) and diphenyi chlorophosphate (0.23 mL, 301 mg, 1.12 mmol). After 15 h, the solution 
was diluted by EtOAc (60 mL), washed with brine (2x50 mL), dried and concentrated. The residue 
was purified by column chromatography to give 310 mg (66% yield) of the title compound 86, H 

10 NMR (CDCI3): 5 8.49 (1H, d, J=8.7 Hz). 8.18 (1H. dd, J=7.5, 1.2 Hz), 8.06 (1H. d, J=8.7 Hz), 7.45 
(2H, m), 7.40-7.30 (4H, m), 7.25-7.16 (6H. m). 7.12 (1H, d. J=7.5 Hz), 6.85 (1H, m). 6.60 (1H. td, 
J=8.4, 2.4 Hz), 6.50 (1H, d, J=7.5 Hz), 6.40 (1H, dt, J=12.3, 1.5 Hz). 5.21 (1H, d, J=8.4 Hz), 4.19 (2H, 
m). 3.59 (1H. m). 2,87 (6H. s), 2.69 (1H, dd, J=13.5, 7.2 Hz), 2.51 (1H, dd. J=13.8, 7.2 Hz). 

15 Alcohol 88: 




To a 1 M NazCOa solution (5 mL) at 0 °C was added D-3-fluorophenylalanine (0.5 g. 2.73 
mmol) and 1-benzothiophene-2-carbonyl chloride (62 mg, 0.316 mmol). After 15 h at 20 °C, the 

20 mixture was acidified by addition of ice-cold 5% HCI solution (10 mL). The suspension was extracted 
with methylene chloride (3x25 mL). The combined organic layers were dried over MgS04 and 
concentrated to yield 0.6 g of 87 as a white solid. The cartjoxylic acid 87 was dissolved in THF (5 
mL). To the THF solution at 0 **C was added 1 M borane In THF (1.31 mL). After 15 h at 25 **C. a 
sat'd NaHCOa solution (15 mL) was introduced. The suspension was stirred for 3 h and then 

25 extracted with methylene chloride (3x25 mL). The combined organic layers were washed with brine 
(2x25 mL), dried over Na2S04, and concentrated. Purification by column chromatography (35% 
EtOAc In hexanes) gave 200 mg (22.5% yield) of the compound 88. ^H NMR (CDCI3): 6 7.84 (2H. 
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m). 7.72 (1H. s), 7.41 (2H, m). 7.34-7.25 (1H, m). 7.11-6.89 (3H. m). 6.41 (1H. br d. J=7.5 Hz). 4.37 
(1H. m). 3.77 (2H. m). 3.03 (2H. AB). 2.33 (1H. br s). 

Example 89: Phosphoric acid 2-[(1-benzo[b]thlophen-2-yl-methanoyl)-ammo]-3-(3-fiuoro- 
5 phenyl)-propyl ester diphenyl ester 




Example 89 was prepared as described in the synthesis of Example 86 using the alcohol 88 

10 (40 mg, 0.122 mmol), EtaN (0.1 mL), DMAP (4 mg) and diphenyl chlorophosphate (0.29 pL, 37.6 mg, 
0.14 mmol). Column chromatography purification (40% EtOAc in hexanes) gave 62 mg (97% yield) 
of the title compound 89. NMR (CDCI3): 5 7.84 (1H, d. J=7.5 Hz). 7.76 (1H. m), 7.66 (1H. s). 
7.45-7.32 (5H. m), 7.30-7.13 (8H, m), 7.11-6.98 (2H. m). 6.93 (2H, m), 4.52 (1H, m). 4.40 (1H, m). 
4.25 (1H, td. J=11.4, 4.8 Hz), 3.11 (1H. dd. J=13.5. 5.7 Hz). 2.85 (1H. dd, J=13.5. 9.3 Hz); HRMS 

15 (MALDI) calc for C30H26NO5FPS (M+H*) 562.1253; found 562.1279. 



20 



25 



Example 90: 1-[1-Bls-acetoxymethoxy-phospgoryioxymethyl)-2-phenyl-ethylsulfamoyl)]- 
piperidme-2S-carboxylic acid 4-phenyl-butyl ester 




Br^O 



Ph-^ ^0-PC 



OH 
OH 



(i-Pr)2EtN/MeCN 



5b1 




Example 90 was prepared as described in the synthesis of Example 80 using 5b1 (20 mg, 
0.036 mmol), bromomethyl acetate (36 pL, 0.36 mmol) and diisopropylethylamine (0.1 mL). 
Purification by EtsN deactivated column chromatography (40% EtOAc in hexanes) gave 25 mg 
(100% yield) of the title compound 90. ^H NMR (CDCI3): 5 7.35-7.12 (10H. m), 5.68 (2H, d, J=3 Hz), 
5.64 (2H. d, J=2.7 Hz), 5.23 (1H, d. J=9 Hz). 4.61 (1H, d, J=3,9 Hz). 4.26-4.01 (4H, m), 3.81 (1H. m), 
3.31 (1H. br d). 2.92 (2H, AB), 2.80 (1H. td, J=12.9, 3.6 Hz), 2.65 (2H, m), 2.20 (1H. br d). 2.13 (6H. 
s); MS (ESP): 721 (M+Na*); 733 (M+CI)". 
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Example 91: (S)-1-[(R)-1-(Bis-acetoxymethoxy-phosphoryloxymethyl)-2-ph8nyl- 
ethylcarbamoyq-piperidine-2-carboxylic acid 




9y 



nn I ^ iNn yr 

_J^Q_^.OH (i.Pr)2EtN/MeCN p^^_J^Q_j.O-^^^ 



Ph ^ ..^^ 



16d 91 

5 

Example 91 was prepared as described in the synthesis of Example 80 using 16d (60 mg, 
0.155 mmol), bromomethyl acetate (0.15 pU 155 mmol) and dilsopropylethylamine (0.4 mL. 2.33 
mmol). Purification by EtaN deactivated column chromatography (40% EtOAc in hexanes) gave 45 
mg (55% yield) of the title compound 91. NIWR (CDCI3): 6 7.32-7.07 (5H, m), 5,58 (2H. d, J=1.8 
10 Hz). 5.54 (2H. d. J=1.8 Hz), 4.68-4.50 (2H, m). 4.22 (1H, m). 3.98 (1H, dd, J=13.8, 5.1 Hz). 3.55 (1H. 
dd, J=12. 4.2 Hz). 3.16 (1H. dd. J=13.8, 9.3 Hz), 3.02 (IN, dd. J=13.8. 6 Hz), 2.69 (1H, td. J=13.2, 
3.3 Hz). 2.10 (3H, s), 2.10(3H, s). 

Example 92: Acetic acid acetoxymethoxy-[(R)-2-[(7-dlethylamino-2-oxo-2H-chromene-3- 
1 5 carbonyi)-amino]-3-(3-fluoro-plienyl)-propoxy]-phosphoryloxymethyl ester 



ra;o ^ 



11 r 9 nu {i-Pr)2EtN/MeCN c A^^k^^^o-t^C^"^ 



OH 



25-33 92 O 

Example 92 was prepared as described in the synthesis of Example 80 using Example 25-33 
(18 mg, 0.0366 mmol), bromomethyl acetate (0.03 mL. 0.3 mmol) and diisopropylethylamine (0.1 mL, 

20 0.6 mmol). Purification by EtaN deactivated column chromatography (100% EtOAc In hexanes) gave 
5 mg (25% yield) of the title compound 92. ^H NIVIR (CDCI3): 5 9.05 (1H, d. J=8.3 Hz), 8.64 (1H. s), 
7.41 (1H. t. J=9.1 Hz). 7,26 (1H, m). 7.08 (1H, d, J=7.5 Hz). 7.02 (1H, br d. J=9.8 Hz). 6.92 (1H. td, 
J=8.3, 2.1 Hz). 6.64 (1H, dd. J=9-3. 2.7 Hz). 6.49 (1H. d, J=2.2 Hz). 5.67 (1H. dd. J=13.6, 0.9 Hz), 
4.55 (1H. br s). 4.17 (2H. m), 3.46 (4H, q. J=7 Hz), 3.01 (1H, d. J=7.3 Hz), 2.13 (6H, s). 1.24 (6H, t, 

25 J=7.2 Hz). 
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Example 93: Acetic acid acetoxymethoxy-[3-[(benzo[i>]tliiophene-2-carbonyl)-amino]-4-(3- 
fluoro-phenyO-butyil-phospliinoyloxymethyi ester 




5 Example 93 was prepared as described in the synthesis of Example 80 using Example 71 

(22 mg, 0.0541 mmol), bromomethyl acetate (0.06 mL, 0.52 mmol) and diisopropylethylamine (0.13 
mL. 0.77 mmol). Purification by flash column chromatography (100% EtOAc in hexanes) gave 23 
mg (77% yield) of the title compound 93. NMR (CDCI3): 6 7.88-7.79 (3H» m), 7.41 (2H, m), 7.27 
(1H, m). 7.02 (1H, d. J=7.6 Hz), 6.94 (2H, m), 6.80 (1H, d, J=8.6 Hz). 5.71-5.55 (4H, m), 4.38 (1H. br 

10 t. J=7.3 Hz). 3.05 (1H, dd. J=13.7. 6.1 Hz). 2.87 (1H. dd, J=13.7, 7.1 Hz). 2.12 (3H, s). 2.05 (3H. s). 

Scheme 10 



Synthesis of Exampies 98 and 99 




PC19148A 




5 Phosphonate Ester 95: 

BnO o ^"VO BnO o 

^ Polymer-supported PPha ^ ^ nh ^ \^ q 

fAA,A/OH l2. Imidazole, reflux p"^^^'^^-^^^ ^5°"^ f^^^^^^^^-^^^^^^^ 
19c M 95 

To a dry CH2CI2 (20 mL) suspension of polymer-supported triphenylphosphine (1.69 g, 4.53 
mmol) was added iodine (1.15 g, 4.53 mmol). After 15 min, imidazole (0.33 g, 5.15 mmol) was 

10 added. The suspension was stin-ed for another 15 min. A CH2CI2 (8 mL) solution of 19c (600 mg, 
2.06 mmol) was added. The mixture was heated at reflux for 1 h. After cooling the mixture to 25 °C, 
the polymeric solid was filtered off. The filtrate was washed with Na2S203 solution (concentrated, 
2x30 mL). water (1x25 mL) and brine (1x25 mL). All the solvent was removed in vacuo, affording 
914 mg (100%) of the iodide 94 as a yellow solid. A portion of the iodide 94 (420 mg) was mixed with 

15 triethyl phosphite (2.5 mL) In a sealed tube. The suspension was heated at 150 °C for 30 min by 
microwave radiation. The triethyl phosphite was removed in vacuo. The residue was purified by 
column chromatography (30-50% EtOAc in hexanes) to give 80 mg (19 % yield) of the phosphonate 
95 as a colorless oil. NMR (CDCI3): 6 7.32-7.10 (5H. m). 6.95-6.82 (4H, m), 5.43 (1H, d, J=6 Hz). 
5.01 (2H, s), 4.12-3.92 (4H, m), 3.01-2.75 (2H. m). 1.92 (2H. m), 1.28-1.13 (6H. m); LCMS (positive 

20 APCl): 424 (M+H*), 446 (M+Na*). 



Amine 96: 




96 



25 To an ethanol solution (5 mL) of compound 95 (235 mg, 0.556 mmol) was added palladium 

on carbon (10%, 40 mg). The suspension was l^ept under hydrogen (1 atm) for 15 h. After filtration, 
the filtrate was concentrated. The residue was purified by column chromatography (MeOH/CH2Cl2 
5/95) to afford 148 mg (92% yield) of the compound 96 as an oil. NMR (DMSO-dg): 6 7.4-7.0 (4H, 
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m). 4.05-3.90 (4H. m). 3.25 (1H, m), 2.78 (1H, dd, J=13.4, 6.1 Hz), 2.69 (1H. dd. J=12.2, 6.1 Hz), 
2.06 (2H, brs). 1.9-1.70 (2H, m). LCMS (positive APCI): 290 (M+H*), 312 (IVI+Na*). 

Amide 97: 



5 




To a methylene chloride solution (5 mL) of the amine 96 (144 mg, 0.498 mmol) was added , 
triethylamlne (0.139 mL, 0.996 mmol), 4-(dimethylamino)pyridine (6 mg, 0.0498 mmol). and 1- 
benzothiophene-2-carbonyl chloride (123 mg, 0.623 mmol) at 0 ^C. After 15 h at 25 °e, the mixture 
was diluted with methylene chloride (20 mL), washed with ice-cold HCI solution (1 M, 1x20mL), 

10 sodium carbonate solution (1 M, 1x20mL), and brine (1x20mL). The solution was then dried 
(Na2S04) and concentrated. The residue was purified by column chromatography (30-50% EtOAc in 
hexanes) to give 160 mg (67% yield) of the compound 97 as a white solid. NMR (CDCI3): 6 7.85- 
7.65 (3H. m), 7.33 (2H. m), 7.21-7.15 (1H. m), 7.03 (1H. d, J=7.7 Hz). 6.96 (1H. br d. J=9.9 Hz). 6.88 
(1H, td, J=8.1, 1.9 Hz). 4.51 (1H. d. J=2.1 Hz), 4.16-3.97 (4H. m), 3.17 (1H. dd. J=12. 5.1 Hz). 2.91 

15 (1H. dd. J=13.4. 8.9 Hz). 2.02 (1H. d. J=4.7 Hz), 1.98 (1H. d. J=5.3 Hz). 1.33 (3H, t, J=6.9 Hz), 1.73 
(3H. t, J=7.1 Hz): LCMS (ESP): 450 (M+H"). 472 (M+Na*); 448 (M-H). 

Example 98: [2.[(Benzo[blthiophene-2-carbonyl)-aminol-3-(3-fluoro-phenyl)-propyll- 
phosphonic acid 




98 



To a methylene chloride solution (2 mL) of phosphonate ester 97 (140 mg, 0.31 mmol) was 
added bromotrimethylsilane (1 mL). After 15 h, the solution was concentrated in vacuo. The oily 
25 residue was triturated with water (3x2mL). In the process, a white solid 98 (1 10 mg, 89% yield) was 
obtained by filtration. ^H NMR (DMSO-dg): 6 8.66 (1H, d, J=8.4 Hz). 8.1-7.92 (3H, m). 7.45 (2H. m). 
7.32 (1H. q. J=8 Hz). 7.12-7.0 (3H, m). 4.42 (1H. m), 3.14 (1H, dd. J=13.7. 2.1 Hz), 2.94 (1H, dd. 
J=13.4, 8.1 Hz), 1.92 (2H. m); LCMS (positive APCI): 394 (M+H*), 416 (M+Na'); Elemental Analysis 
for (C1BH17NO4PFSO.3H2O) calc: C 54.21, H 4.45. N 3.51; found: C 54.15, H 4.47, N 3.47. 
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Example 99: Acetic acid acetoxymethoxy-[2-[benzo[d]thlophene-2-carbonyl)-amlno]-3-(3- 
fluoro-phenyl)-propyl]-phospliinoyloxymethyi ester 




To an acetonltrile solution (1 mL) of the phosphonate acid 98 (31.8 mg, 0.0809 mmol) was 
5 added diisopropylethylamine (0.127 mL, 0.728 mmol) and bromomethyl acetate (60 jjL, 0.607 mmol) 
at 0 ''C. After 15 h at 25 °C. the solution was concentrated and the resulting residue was purified by 
column chromatography (50-70% EtOAc In hexanes), affording 26 mg (59% yield), of the title 
compound 99 as a white solid. NMR (CD3OD): 5 7.85-7.75 (3H, m). 7.33 (2H, m). 7.19 (1H. q. 
J=8 Hz). 6.99 (1H. d. J=7.5 Hz). 6.94 (1H, dt. J=7.6. 2.2 Hz). 6.84 (1H, td, J=8.3. 2,6 Hz), 5.6-5.45 
10 (4H. m), 4.50 (1H, m), 2.93 (2H. m). 2.35-2.16 (2H. m). 1.94 (3H. s). 1.94 (2H. s); HRMS (MALDI) 
calcfor C24H26NO8FPS (M+H*) 538.1129; found 538.1101. 

Example 100: 2,2-Dimethyl-propionic acid [3-[(benzo[l)]thiophene-2-carbonyi)-amlno]-4-(3- 
fluoro-phenyi)-butyl]-(2,2-dimethyl-propionyloxymethoxy)-phosphinoyloxymethyi ester 




To an acetonitrile solution (5 mL) of Example 71 (50 mg. 0.123 mmol) was added 
tetrabutylamonium iodide (5 mg), diisopropylethylamine (0.2 mL), and chloromethyl pivalate (132 |jL, 
0.92 mmol) at 0 °C. The solution was heated at 60 °C for 4 h and concentrated in vacuo. The 
20 residue was purified by column chromatography (35% EtOAc in hexanes), affording 20 mg (26% 
yield) of the title compound 100. ^H NMR (CD3OD): 5 7.81-7.75 (3H. m), 7.32 (2H, m). 7.16 (1H. q, 
J=8 Hz). 6.97 (1H. d. J=7.8 Hz), 6.92 (1H, dt. J=10.1. 2.3 Hz), 6.81 (1H. td. J=8.3. 2Hz). 5.6-5.48 (4H. 
m). 4.24 (1H. m). 2.84 (2H. m). 1.95-1.7 (4H. m). 1.09 (9H. s), 1.04 (9H, s); LCMS (positive APCI): 
636 (M+H*); HRMS (MALDI) calc for C31H40NO8FPS (M+H*) 636.2196; found 636.2182. 
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BioloQical Testing: Pini Peotidvl-Prolvl Isomerase Assay 

PIN1 is a phosphorylation dependent peptldyl-prolyl isomerase. The PIN1 assay is a 
5 spectrophotometric assay based on the coupled chymotrypsin or subtilisin catalyzed, cis-trans 

conformation dependent cleavage of a para-nitroanaline containing peptide substrate. This improved 
general rotamase assay was first described by Kofron, et al. {Biochemistry, 30, 6217-6134 (1991)) 
and applied to PINI isomerase activity by Yaffe, et al. {Science, 278, 1957-1960 (1997)). Cleavage 
of the isomerized peptide releases para-nitroanaline, which can be monitored by an increase in 

10 absorbance at 390 nm. The PINI peptide substrate, succinyl-leucine-proline-phenylalanine- 
paranltroaniline (Suc-AEPF-pNA) (Bachem), is kepi in a predominantly cis conformation with an 
anhydrous TFE/LiCI solvent mixture. 

Upon dilution into an aqueous assay mixture containing PINI. the peptide substrate 
undergoes PINI catalyzed isomerlzation to the trans confomiatlon. Chymotrypsin or subtilisin 

15 (subtilisin Carisberg protease, available from Sigma, catalog number P-5380) cleaves the trans 
product to form free para-nitroanaline. To minimize the spontaneous isomerlzation of the peptide 
substrate, reactions are performed at 15 ''C. A typical reaction contains 25 mM MOPS pH 7.5, 0.5 
mM TCEP, 2% DMSO. 5 Ml of a 25 mg/ml solution of subtilisin Carisberg, 50 nM PINI-PPIase, and 
100 [jM Suc-AEPF-pNA peptide substrate. Reactions are cooled to 15 °C and Initiated with the 

20 addition of Suc-AEPF-pNA. The absorbance at 390 nm is monitored continuously until all substrate 
has been converted to the cleaved product. This data, the progress curve, is then fitted to an 
exponential equation to detemiine a rate constant k for the reaction. The rate constant k Is linearly 
proportional to the concentration of active enzyme present in the assay mixture once the rate 
constant for the spontaneous isomerization is subtracted. The Km for this substrate is much higher 

25 than 100 |jM ([S]«Km). Therefore, during inhibition experiments, the IC50, for non-tight binding 
inhibitors, is essentially the inhibition constant Kj. 

In Table 1, the Kj data reported under the PINI -CD heading corresponds to testing with PIN1 
peptide containing the catalytic peptldyl-prolyl isomerase domain but devoid of the PINI WW domain. 
Simllariy, the dissociation constant (Kd) data under PIN1-CD refers to testing with a peptide 

30 containing the catalytic PIN1 domain but devoid of the PINI WW domain. 

Table 1 



Example No. 


PIN1-CD 
K.(mM) 


PIN1-CD 
K,(pM) 


3a 






3b1 






3b2 






3b3 






3b4 






5b1 


<10 


<10 


5b2 


<10 


<10 


5b5 


<10 


<10 


14a 


<100 




14b 






16a 


<10 


<1 



PC19148A 

-114- 



16c 


<10 




16d 


<10 


<10 


22e 






23a 


<10 




23b 


<1 




23c 


<1 




23d 


<1 




25-1 


<1 




25-2 


<1 




25-2' 


<1 




25-3 


<1 




25-4 


<1 




25-5 


<1 




25-6 


<1 




25-7 


<1 




25-8 




<1 


25-9 






25-10 


<1 




25-11 


<1 




25-12 


<1 




25-13 


<10 




25-14 


<10 




25-15 




<10 


25-16 




<1 


25-40 




<10 


25-17 






25-18 


<1 




25-19 


<1 




25-20 


<1 




25-21 


<1 




25-22 


<1 






Example No. 


PIN1-CD 
Ki(uM) 


PIN1-CD 
K,(|iM) 


25-23 


<1 


<1 


25-24 


<1 




25-25 


<1 




25-26 


<10 




25-27 


<10 




25-28 


<1 


<1 


25-29 




<1 


25-30 


<1 


<1 


25-31 


<1 


<1 


25-32 


<1 


<1 


25-33 




<1 


25-34 


<1 


<1 


25-35 


<1 


<1 


25-36 


<1 


<1 


25-37 


<1 


<1 


25-38 






30 


<10 


<100 


25-39 






33 




<10 


37 


<2 


<10 


42 




<10 


49 


<1 


<1 


54 


<1 


<1 
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58 


<10 




61 




<1 


66 




<1 


67 




<1 


71 




<1 


72 


<100 




73 






74 


<1 


<1 


79 




<1 


82 






83 






85 




<100 


86 




<100 


89 




20% 
@20mM 


91 




0% 
® 100 mM 


98 




<1 



The exemplary compounds described above may be formulated Into pharmaceutical 
compositions according to the following general examples. 

5 Example 1: Parenteral Composition 

To prepare a parenteral phamnaceutical composition suitable for administration by injection, 
100 mg of a water-soluble salt of a compound of Fomnula I is dissolved in DMSO and then mixed 
with 10 mL of 0.9% sterile saline. The mixture Is incorporated Into a dosage unit form suitable for 
administration by injection. 

10 

Example 2: Oral Composition 

To prepare a pharmaceutical composition for oral delivery, 100 mg of a compound of 
Formula I is mixed with 750 mg of lactose. The mixture is incorporated into an oral dosage unit for, 
such as a hard gelatin capsule, which Is suitable for oral administration. 



15 



